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PREFACE

In launching this project the authors searched the literature

extensively to find what others are doing for disadvantaged youth.

Basic premises for the project were established. Those premises

which were supported in the pilot project are stated in Part I of

this report.

The procedures, the written material for the teacher and the

students, and most of the laboratory materials were developed by the

authors. Eome of the activities, however, which met the criteria

established for the project were chosen and adapted from materials

commercially availsgble.

The testing of the procedures and activities presented ia Part IX

of this manuscript took place in the Ribault Junior and Senior High

Schools in Jacksonville, Florida. From a pool of 250 economically

deprived, educationally disadventaged youth identified in grades 7, 8,

and 9 of these schools, a srmller pool of 180 students, (60 seventh, 60

eighth, and 60 ninth grade students), who also appeared to be under-

achievers, were selected. By random.means, a class of 30 youth for

experimental sections, and 30 youth for control purposes, were selected

5t each grede level. The procedures and materials presented in Paxrt II

wvere experienced by the 90 students in the experimental. classes.

A detailed account of the research procedures used in this

project is to be found in the report made to the Southeastern E¢ ueation

Laboratory, Inc., of Atlanta, Georgla, which orgunizatiou made possible

this Project.
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PART I
PRIFERENTIAL TREATMENT ESSENTIAT, FOR TEDUCATIONAILY DISADVANTAGED YOUTH

NFED FOii AN IMPROVED SCIENCE PRCCRAM FOR
EDUCATIONALLY DISADVANTAGED YOUTH

In genernl, economically deprived children are also educationally
deprived. They have had 8 narrow range of experiences in a linited snviron-
ment, hence have a lack of confidence in themselves in any classroom
situstion. These children are limited “a their shility b0 communicate
with others oraily or by means of reading aud writing. They share feelings
of futalism, helplessnces, dependerce, and Inferiority in social situaticns.
They have, in general, experienced cortinuved failure in scheoi work.

It has been shown repeastedly that children who become alienasted Lo
the schovl remalin 8o unless some preferential program is provided +o charge
their attitude toward the school and toward their teachers. They have
failed and will continue to fail unless a situation iz arranged in which
they cen succeed ir engaging in activities meaningful to them. So there is
uesd to prepare appropriate curiiculum materials for them and to provide =
training program for their teacherg. Such a program must develcop in the
teachers the understandings and skills and cormitments essential in
re-establishing a wholesomz rappert with these cducationelly disadvantaged
youth and In involving them in purposeful activities.

RATIONAT.E FOR THE DEVELCPMENT CP AN JMPROVED SCIZENCE PROGRAM
FOR FDUCATIONALLY DISADVANTAGED YOUTH

Studies of teaching strategies for the educationally deprived child
have emphasized the need for learning activitles which sre structured,
concrete, and physically oriented. In addition, studies have shown that
the deprlved child has respect for the sciences, particularly the physical
sciences. Science is a natural subject area fer experiences with concrete
waterisls. Out of carefully chosen, ilnteresting, and closely related
activitice core the beginnings of formzl language-abstractions used in
talking about these activities, Eclence offers endless possidbilities to
sinultanecusly demonstrute the need for the ascquisition of these communi-
cative skills when accounting for what one observes or in projecting what
may happen in a controlled experiment.

‘A wide variety of new sclence materlsls have been and sve being developed
for use in the elementary and junior high schools. Few have been extensively
evaluated, and their gpplical,ility to the educstional needs of the disadvan-
caged is open to serious question., Tt seemed Likely thot the culture of the
educationally deprived chiid created unique demands for special materials
and epproaches to science learnings, especially If these learnings ave to
be integrated into the other aress of the curricwlum, Therefere, it was
one of the purposes of thls demonstration research program to develop and
publish matertals and approaches which are found to be especially suited
to the educational needs of the disadvantaged.
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BIBLIOGRAPHY USED TO UESIGN THIS PROGRAM

1. 3Bloom, Benjamin S., Allison Davis and Robert Hess, Y"Compensatory
Education for Cultural Deprivatiocn," Holt, Rinehart and Winston,
Inc. ’ 19650 )

o, BSCS Curriculum Study Special Publication No. %, The Teachcr and
BSCS Specisl Materials.

- T onea? f o VW Oy 12102178 113 3
3, Iewis, Oscax, "The Culture of Poverty," Scientific American; Vol. 215

No. U, October 1966, pp. 19 ~ 25.

4. Mackintosh, Helen K., Lillian Gore and Certrude M, Lewis, "Fducating
Disadvantaged Children in the Middle Grades, " Disadvanteged Children
Series, 0. E. 35008, U, S. Department of Health, Education and Welfare.

5. Smilansky, Moshe, "Fighting' Deprivation in the Promised Land, "
. Saturdsy Review, October 15, 1966, pp. 82 - 9l. .

LIMITATICNS OF THE PROGRAM DEVELOPED AND TESTED IN THIS
PILOT DEMONSTRATION RESFARCH PROJECT

1. The program is not a complete program for use in grades T
through 9, Instead, it is a program thet was taught successfully
during the second semester in gredes T, 8 and 9. The sane
program was taught in all three grades. Its merit: was established
in all three grades. What is needed is a six semester sequential
sclence program for the educationally disadventaged youth in the
junior high school grades, developed along the lines and taught
by the procedures found effective in this program. The naterials
and, procedures reported herein are but representative of a
complete program.

2, To esteblish the velidity of the findings reported her..in,
e much larger demonstration-research study should be carried oub
with many more students, and many more teachers. There wexre bulb
two teachers involved in this projsct. It can be said, however,
under the conditions of this demonstration, the program was found
effective. It can be predicted, thet under similar conditions
with other teachers & similar program will also be found effective.¥

ASSUMPTIONS MADE REGARDING EDUCATIONALLY DISADVANTAGED YOUTH

Jo Human ability ié to & large extent a sééiai product, it depends upoa the
opportunities in the environment for mesningful and varied experlences,
In meny arees.it does not develop wnless recognized and encouraged by
soclety,

¥A complete raport on the resesrch aspects of this demonstration-research
progran is reported in the Report of "A Demonstration of the Role of Science
in the Frograms of Educationally Disadventaged Youth, Grades 7-9." by Dr,
N. E. Bingham, Director, mede to the Southeastern Fducation Leboratory, Inc.,
P, 0. Box 20867 Airport Brench, Atlanta, Georgia, 30320.
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‘poverty”, This culture provides the human beings living in it with

3

Fducationally deprived children have had a narrow range of experiences
in a limited environment, hence have a lack of confidence in themselves
in a classroom situgtion.

The conceptual development and the cultural heritage of educatiocually
deprived children is inferior to that of chlldren in more favorable
environments,

Because of limited experiences, educationally deprived children are
limited in thelr ability to communicate with others orally or by mesns
of reading and writing.

The child who grows up in a culture of poverty has a strong feeling
of fatalism, helplessness, dependence, and inferiority in social situatio:

By the time educationally deprived children enter school they have
absorhed the basic attitudes and values of their subculture of poverty.
As a result they are not ready to take advantage of the educational
opportunities in the school oxr of opportunitles that msy come as a
resull of chenged conditions during their lifetime,

Any significant change in the reletive position of the educationally
deprived child reguires a preferential ireatment that will compensete
for his inadequacies. These children require modified teasching technique
gnd o specizlly constructed curriculum if they are to succeed in school.
They need special materials and devices to £ill the gaps in thelr
experience,

The time of readiness to learn can be advanced and the quality of
development can be enriched by working with educationally deprived
children before they show overt signs of reediness,

Deprivetion is largely due to failure of envirommental egents:
a. fallure to provide children with necessary nourishment before ‘they
are ready to cxercise specific capacities.
b. fFailure to use and develop these capacities once they are ready
for exerclse. ‘

Although the preschool years are characterized by the most rapid change
and growth and so ave the most important years, yet the adolescent years
are also a period of rspid change and growth, hence, these years are
Pruitful ones for the re-orientation and development of educationally
deprived children.

Wherever poverty exists throughout the world there is a remarkable
similarity in the style of life which may be called a *eulture of

a design Yor living that permits their survival. This simllarity is
found. in the structure of families, in interpersonal relations, in
value systems, in spending hablits, and in their tendency to live in
the present with little thougit of the future., The high incidence of
cormon law marrieges and of households headed by women are characteristic
of this culture wherever it occurs.




GUIDELINES USED TO DETERMINE SCIENCE EXPERTENCES FOR
EDUCATTIONALLY DISADVANTAGED YOUTH

" e -

1. Classroom studiep should be related %o the students! contemporary

experiences in their society, Certain aspects of historical development
may be helpful, put a consideration of these for endorsement and clarifi-

P P

cation will come after the idess are crystallized through concreve
experiences.

o, 4 definite classroom situation must be provided in which new experiences
with objects andf events are related to past experiences in such a
manver that new irelationships are discovered. By associating several
new experiences during a short period of time, an awareness of the
basic principlesd thet account for these experlences may be developed.

3. Science experierces mst be developed from the common interests of
the learners and result in an understanding of the basic principles
of science that are related to These interests., '

L, Initial learning of first level abstractions comes from observations
of particular objects and events via all of the senses. First hand

experiences should be emphasized.

5, There is a continuum in learning experiences that ranges from
observation of particular objects and events, through those presented

using mlti-sensory aids, through the presentation of abstract concepts,
Within the contimuum of experiences, those located toward the concrete

end are prefersble.

6. Motivation for further learning will yresult from meaningful and
enjoyable experiences with objects and events. Whenever possible
"discovery”® experiences should be planned for through "pre-cureka”
procedures. Successiul experiences in accounting for particular objects
and events will provide motivetion for additional experiences with

other objects and events.

7. Audio-visual materiels should be developed for use in initiating
activities; for use in lieu of concrete experiences where these are
impractical; and for use in providing additional enriching experiences.

8. The lack of commmicative skills and the lack of self-confidence make it
mandatory thet educationally deprived chlildren succeed in what they do.
The tasks they undertake in school must be measured in difficulty and

Ye ordered sequentially to guarantee success.

9. 'A wide range of materlsls together with opportunities to use ‘these
materials in mesningful weys must be provided if each educationally
deprived child is to enhance his owm self-confidence by noting his

own growth in ifdeas and skills.

10. The major outcojne of classroom experiences in science is to create in
the educationallly dissdvantaged youth a desire to learn and a positive

sttitude toward school.
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The school program should improve the basic skills of spesking and
r ead.ingo

Culturally disadvantaged adolescents should be permitted to specialize
in an area in which they are specially interested,
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* -TO EDUCATIONALLY DISADVANTAGED YOUTH

The teacher must accuratel';y assees the stréngths » weaknesses, and
interests of each child in order to counsel and guide each in his
pursult of knowledge.

Instruction will of necessity be largely with small groups rather than
with the total class.

The teacher must know the content and the processes of science; the
childrens' environment, their fears and concerns, and be skillful in
guiding their learning experiences.

Educationally deprived adolescents will have had many frustrating
experiences so speciel care must be taken to enable each to succeed
in each task undertaken. This success should bpe used to reinforece
and to motivate further learning.

The teacher must be willing for the child to deal primerily with
specific objects, events, or persons as these objJects, events or
persons relate to himself, rather ‘thau to be concerned primarily
with generalized activities,

The teacher as a discussion leader accepts every response as & contri-
bution and by questions, suggestions, and vocabulary directs the
development of the concept,

The teacher must be able to arrange a learning situation in which the
youth's belief in himself, his self image, escalates, Each must
operate responsibly in s self-directed way to build a confident
self-imege,

The teacher shouid become an active partner with ‘the pupile while
maintaining an appropriate teacher image fostering sbilities before,
as well as during, the expected maturstion time for these abilities.

Even though educationally deprived, esch child will bhave hed many
‘experiences that may be used to promote learning.

The same concepis should be developed in several ways from a number
of different but related experiences.

The major purpose of laboratory experiences ls to promote cregtive
thinking, not to manipulate equipment.




12, Reazding materials should be selected to supplement the classroom
activities out of which basic principles have been developed. In
this way the basic principles may be firmly fixed in mind and also
skills and habits of reading may be taught.

] 13, Assigaments should be short. Emphasis should be on quality of work
rather than on quantity of work.

1k, Vocabulary losd should be kept at a minimm level. Speciel effort
should be mede to teach the required vocabulary.

15, Mathematical calculations should be kept at e minimum level so that
measurements and quantitative treatment of resulis enhances rather
than stifles learning,

ST TS

; 16, Testing should be used primarily to promote learning. It should

a. be situation centered and involve such skills as interpretation of
data, application of principles, the formulation of appropriate

é hypotheses, as well as to ensble the student to assess hils

comprehension,

' GUIDELINES USED TO SELFCT SCIENCE EXPERTENCES FOR
EDUCATIONALLY DISADVANTAGED YOUTH

1. Selectlion of topics for :fodividual s small 'grou,p or class investigation
must provide avenues that insure success. Therefore, the investigations
must center around directed inquiry rather than unassisted discovery.

2. Each illustrative or investigative activity should:

as relate to the puplils! commor experiences

be lead to a better understanding of the pupils! envircnment

c. stem from and enhance the pupils! interests

d. be specific rather than generalized, especially at the
beginning ' ‘

e. furnish a basis for improving language skills, especially
reading and oral expression

f. be of measured difficulty so that each may succeed

3« Each piece of apparatus should be:
8. simple so that attention may be focused on significant.
observations
b. 850 designed as to clearly show =~ perhaps to magnify .- the
quality being observed
c. safe to use
de easy to manipulate
| e. relatively durable
' fo relativel . inexpensive
B g. essy to store




PART II

TLLUSTRATIVE ACTIVITIES AND PROCEDURES FOUND EFFECTIVE WITH
EDUCATIONALLY DISADVANTAGED YOUTH

INTRODUCTORY DISCUSSION

The teaching procedures offered in this program are experimental.
The teacher 1s offered the flexibility required to meet the needs of the
different pupils while directing their learning activities in a meaning-
ful, sequential manner. The major emphases are placed on concrete '
experiences and the quality of experiences ratr ° than on the quantity

of content.

The materisl is written with the assumption that the students
have a limited reading ebility and a poor command of the BEnglish
lenguage. The formal textbook has been eliminated placing the responsi-
bility of instruction entirely in the hsnds of the teacher. He must
direct the learning processes by means of student-teacher verbal inter-
actions with emphases being placed on oral discussions, reinforcements,
and the development of a sound scientific approach. One of the basic
problems -- that of communication -- can be greatly zlleviated by initially

utilizing the students' colloquialisms.

The teaching will normally progress through three phases:

1. TInitial discussion supported by audio-visual materials

to stimulate interest.
2. Small group laboratory activities supported by discussions

of particular relevant information.
3, TFinsl discussion to establish a -conceptual framework and

lead into the next topic.

A suggested format for the teacher to Pollow in directing the class
is presented in detail. Suggested comments to be made by the teacher
to the class are written in CAPTTAL LETTERS; suggested. procedures and
anticipated responses are written in small type. Printed materials to
be used by the students are designated by the letter "A" followed by a
sequential number (A-2 ). These are to be reproduced by thermo-
gpirit masters and issued %o the students at the teacher's discretion.
Extensive use of asudio-visusl materials is necessary to provide

meaningful concrete experiences.

The student activities are to be duplicated by using thermo-spirit
masters. The acetates can be easily prepared from the drawings in the
sppendix using 3M-127 thermo-acetates. A thermo-duplicator and a spirit
duplicator is the only equipment needed to prepare the student activities

and prepared acetates.




TNTRODUCTORY DISCUSSION

Introductory Topic - The initiation of the discussion pattern to establish
rapport between the teacher and students.

The purpose of the introductory discussion is twofold; to establish
a discussion pattern that reflects critical thinking and questioning, ané
to establish an initial rapport between the teacher and the students
in the clagsroom, The topic consists of twenty-three separate optical
jl1lusions on prepared acetates to be placed on the overhead proJjector.*
The students are 4o be encouraged to discuss the illusions freely and
informally. It can be assumed that the students will be reluctant to
participate for many reasons, some of which may be: (1) due to past
experiences with failure, (25 peer group influences, (3) fear of giving
wrong snswyers resulting in ridicule, and (%) being conditioned not to
participate. The teacher must establish an atmosphere conducive to free
discussion and questioning. Each statement should be accepted, modified
as necegsary, and reinforced as a contributlon. By design, optical
i1lusions will serve this purpose quite well for there is not one entirely
correct answer that can be determined without intensive questioning. Use
as many of the illusions as needed to esteblish the initial repport.

TEACHER RESOURCE

The optical illusions should stimulate interest and improve communi-
cation in all three phases of teaching. This introductory activity
is designed to "break the ice" and for orientation. The teacher should
talk as little as possible but should not be reluctant to capitalize on
points and suggestions that lead to the development of the pre-determined
goals~-~that is to establish rapport and critical thinking. Most of what
the teacher says is said in question form rather than expository form.
His responses to student statements are largely questions or suggestions.
An example would be if a student questions whether or not a line is
straight, suggest the use of a straight-edge to determine the answer.
The results of the discussion should develop the idea that only through
questions and investigations can answers and solutions be determined.

TEACHER DIRECTION

Place & prepared acetate of an optical illusion on the overhead
projector. WHAT DOES THAT THING LOOK LIKE? Encourage extensive
discussion. Answer questions with questions such as "What do you think
it is?" or solicit voluntary answers from the class. Capitalize on and
encourage student's suggestions for determining answers in a scientific
manner such as observing, measuring, inferring, and experimenting.

Follow the same procedure for other acetates,

In conclusion, point out that the same object may appear different
to different individusls. This is a problem of science. Interject the
jidea thet individuals are different in thought as well cs appearance.
Examples are how fat is "fat", how tall is "tall", where is "there".

¥These may be purchased from the 3~M Company. Approximate cost 1s $35.




UNIT I FIRST CLASS LEVERS

TEACHER RESCURCE

Every time a person moves he exeris & Porce and does work. Machines
are used to meke work easier. A force is a pueh or a pull. Xf the force
moves gsomething, work is done., Work may be expressed by the forrmulea
W=F xD. Any unit of work must include a force wnit and a distance
unit. The force units used in these activities are those commonly used
in measuring weight, namely, ounces, pounds, grams, kilograms, et. al.
(The units of force, dynes and newtons, and of work, ergs end joules,
are too gbhstract for use here). Distances maey be measured in inches,

feet, centimeters, meters, etc.

The resistences that are overcome by forces are gravity, inertia,
and, friction. Tt takes energy to lift something, %o start something moving,
to stop something when it is moving, and to push something over & hard
surface or through any mediwn. Friction may be lessened by substituting
kard surfaces for soft surfaces, by lubricatlon, and by substituting

rolling friction for sliding friction.

Power is the rate of doing work. It takes twlce as much power to
do a given emount of work in hslf the time. Power may be expressed by

the formules:
W FxD foot-pounds
P g o SemmmeE—— - ——&
T 3 T P seconds

Power is commonly messured in horsepower, One horsepower is 33,000 feet-
pounds of work per minute, or 550 foot-pounds of work per second.

There are simple machines and compound machines. Compound machines
are made up of two or more simple machines which work together as & unit.
Simple machines are of two kinds: machines thet turn, namely, the lever,
the wheel and axle, and the pulley; and mechines thet slide, namely, the

inclined plane, the wedge and the screw.

levers are of three classes. In the first cless lever the fulcrum
1s between the effort force and the resistance force; in the second clase
lever the resistance is between the fulcrum and effort force; in the
third class lever the effort force is between the fulerum and resistance
force. The wedge is really two inclined planes placed back to back. The
screw is an inclined plane wrapped around an axle.

When working with machines that turn, one mekes celculaticns of
moments. A moment, or torgue, is the product of a force times its
distance from the fulerum, The principle of moments is that the sum
of the moments which tends to turn the machine in a clockwise direction
i equal to the sum of the moments thet tend to turn the machine in a
counterclockwise direction. The machine is balsnced when these moments

are equal.

When working with machines that slide, one makes calculations of
work. Input work is the product of the force times the distance the force
moves. Output work is the product of the resistance force times the
distance that it moves. The principle of work is that, disregarding friction

input work equals output work.
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IDENTIFICATION AND CLASSIFICATION OF SEVERAL MACHINES

A. Lever

1. First clhss

thoo. 1 A A Ve ko A ?
DLIOUrLC AL NG B LAaICe AL
v (feet) l (Peet) J’
Tort Fulerum Resistance Force 3
Force (Purning point) (pounds) : 4
(pounds ]
2. Second class 3
Effory
¥ Force . 3
U B
] [Effort Arm ! Resistance Arm t 3
= &
E Resistance Fulcrum
2 Force (Turning Point)
] 3. Third dlass
3 i Effort
, Force K
¢ Resistance Arm B ﬁ Effort Arm
1 R\ ¢ ]
C Resistance Fulcrum
> Force (Turning Point) :

Principle of levlers is fhat clockwise moments = counter-clockwise moments
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B. Inclined Plane

Effort

Distance ﬁr Resistance

Distance

Input work = Effort force X Length of Plane
ight of Plane ;

Output work = Weight of obJect X Fe

pe Inclined Plane is that, disregarding friction,

Principle of - t
Input work = Output work.
3

C. DPulleys

Mvo = l Mvo = 2

r

£}

!

E = Effort Force : .

R = Resistance Force \
M.A. = Mechanical Advantage (number of supporting ropes )
disregarding frictlon,

Principle of pulleys is that,
Toput work = Ooutput work.

\ e N
N
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a machine ls how many times it increases
4 as the resistance force divided by

The mechanical advantage of
the effort force. It 1s expresse
the effort force. The fornula is:

cal ar

Resistance force
M.A. = TFffort force or M., =

The theoretical mechanical advantage of any machine can be calculated
by dividing the distence that the effort force moves by the distance

the resistence force moves .

Distance the effort moves
M.A. = pi=Tance the resistence moves or M.A. =

18

the mechanical advantage is calculated by dlviding

Tn machines thet turn
rt arm by the resistance arm.

the length of the effo

Lenggh of the effort arm or MA. = %?

M.A. = Tongth of the resistance am




VOCABULARY

The vocsbulary is not to be a technical vocabulery, but rather e
utilization of student vocabulary that will allow easier understending
of the concept through verbalization. The following vocabulary will be
written with the tochnicel terms following the "coined terms" that are
to be used as introductory terms in the classroom. It is important
that the teacher introduce the technical term by casuelly interjecting
the technical term into the discussion periods until there 1s a complete
understapding of the term, then the technical term should be formelly
introduced and become a part of the students' vocabilary.

1. Turaing point .... Fulcrum

5. POUNAS +eeesessss. Force (unit of weight)

3. BBY seresceccsccss LEVEr :

B, AXID eveeveeesess.s Distance from the fulerum to the point where the
effort force or resistance force is attached.

5, Resistance force.. Weight of the object to be 1lifted.

6. PEffort force ..... Weight indicated by the spring scale.

7. Turning .......... Movement around the turning point due to moments of
force or torgue.

8. BalANCE ..c....... When arms are the same distance from the floor,
Moments of force are eamal and opposing; equilibrium.

9, Straight up ...... Perpendicular direction.

10. SC8leB eceeesoo.oo An instrument used to measure weight.

11. Moment of force

or torque...... Product of & force times its distance from the

turning point.

Topic 1 - The lever is & machine. The lever shows weight relationships.

SCTENTISTS INVESTIGATE EVERYTHING. THEY PLAY WITH ANYTHING THEY CAN
CET THEIR HANDS ON. IT SEEMS THAT BY LOOKING AND MEASURING WHAT THEY SER,
THEY CAW FIND REASON’S WHY SOME THINGS HAPPEN AS THEY DO. YOU HAVE DONE
THE SAME THING MANY TIMES. FOR EXAMPLE, HOW MANY MACHINES HAVE YOU SEEN
THIS WEEK?

List a1l responses on the overhead projector. Do not expect an
fmmediate response. Also ask "How does it work?" IFmphasis should be
on leverage, turning, force, and work. These emphases will heve to be
made by the teacher as supporting remarks.

Place on the overhead projector a prepared acetate of a shovel, door,
rocking chair, jack, hammer (pulling a nail), and a bar picking up a rock
(first class lever). The discussion should compare the items to a bar;
gtress the point of turning. Emphssize the meaning of work while casually
ingserting the terms force and welght.

T p—— A
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Topic 1 (continued)

HOW ABOUT YOU, ARE YOU A MACHINE? (Discussion) WHAT IS A MACHINE?
(List all replies on the overhead projector). FROM OUR DISCUSSION WZ CAN
DEFINE A MACHINE AS SOMETHING THAT DOES WORK. SO TURN AROUND AND SHAKE
HANDS WITH A FELLOW MACHINE.

LET'S TATX ABOUT YOUR ARM MACHINE. HOLD YOUR ARMS OUT STRAIGHT OUT
TO THE SIDE OF YOU. {Teacher demonstrates). NOW MOVE FROM SIDE TO SIDE
THREE TIMES AND COME BACK TO BALANCE (While arms are still straight out).
WHAT WOULD YOU SAY BATANCE IS WHEN YOUR ARMS ARE AS THEY ARE NOW, MR.
MACHINE? {(Get one or two statements then tell the students to rest '

their ams.)

Discuss the idea of balance until the definition of balance is well
understood by giving other exmmples {carpenter's level, see-saw, et. al.).

LET'S DEFINE BALANCE AS WHEN ARMS ARE THE SAME DISTANCE FROM THE FLOOR.
ANY ONE HAVE ANY OBJECTIONS?
Pass out sheet A ~ 1.

TEACHER DIRECTION A -1
THE EFFECT OF WEIGHTS ON THE LEVER

Iet the students voluntarily group themselves into groups of three,
Materials for groups of three:¥

1. Bar (one inch dowling, 36" long, with 2 holes, at 9 dnd 18 inches)

2. Two wire hooks (to be used as hangers for weshers)

3, Pin (1/% inch dewling, 12 inches long)

i, 5 washers (weights)

The purpose of this Pirst activity is to determine the nomenclature
of the lever and to familiarize the student with the equipment.

Place a prepared acetate of a bar, pin, hooks, and shoes (assembled)
on the overhead projector. {Do not comment on this acetate).

'HE SCIENTISTS GIVE EVERYTHING A NAME, SC LIT'S WAME THESE ITEMS.
0.K.? (Hold up a bar) WHAT IS THIS? (Discussion) LET'S CALL IT A BAR.

(Place the pin through the hole in the bar (mlddle) and spin the bar. )
WHAT ARE WE GOING TO CALL THIS PLACE WHERE IT IS TURNING? (Discussion)
TET'S CALL IT A TURNING POINT.

NOW WE HAVE TO CALL THIS PIN SOMETHING. (Discussion) LET'S CALL IT
A PIN. (Discussion) '

¥These can be purchased at a herdware store: 1" dowling at 12 cents per
foot; l/h” dowling at 3 cents per foot; 1" flat washers (4 oz) at 7 cents
each; 1/2" flat washers at 1 cent each (45 per pound).




Tescher Direction  A-1l ( continued)

BY USING THE HOOKS, BAR, AND THE PIN, FIND OUT WHICH OBJECTS ARE
THE UEAVIEST AND DRAW YOUR RESULTS ON THE DIAGRAMS.

TEACHER DIRECTION A-2
DETERMINING THE WEIGHT OF AN OBJrCT

when the students have completed Activity 1, remind them %o keep the
hangers at the ends of the ber for this second activity. The sheet for
activity 2 should be passed out after the completicn of ectivity 1.

] Topic 2 - Moving the turning point on the bar changes the force requirements

to balance the lever.

‘PHE IDEA OF BATANCE IS A COMPLICATED MATTER AND SCIENTISTS HAVE LEARNED
MUCH MORE ABOUT IT. ONE THING THEY OBSERVED IS THAT THE TURNING POINT DOES
NOT HAVE TO BE IN THE MIDDLE OF THE BAR TO BALANCE THE BAR.

HOW COULD YOU BALANWCE A BAR IF THE TURNING POINT IS NOT IN THE MXDDIE?

(j The discussion should emphasize the weight reletions and the length of
the arms of the lever. Use in the discussion the words, arms, weight, force,

turning point, and bar.

IFWEATYOU“SAYISTRUEAIH)T&IEBARCANBEBAIANCEH’H&IENTHETURNING 3
POINT IS NOT IN ‘FHE MIDDLE, YOU SHOULD BE ABLE TO SHOW IT. SO SHOW IT
WITH THE MATERIALS YOU HAD IN THE TAST ACTIVITY. DO YOU THINK YOU CAN?

LET'S FIND OUT.
Pass out sheet A ~ 3.

PRI N s =7\ O
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TEACHER DIRECTIONS A-3
THE LEVER WHEN THE ‘I’U’RNING POINT IS NOT IN THE MIDDLE

Materials for groups of three:

l. Bar

3. Pin
2, Two wire hooks 4, Weights (washers)

The students are to place the nooks on the ends of the bar, & shoe on :
the short end, and the weights or the long end, and then visa-versea. This
is to introduce the ldea of mechenical adventage. Mechenical advantage 1s 3

Q) not to be dlscussed at this time,
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Student A-1

THE EFFECT OF WEIGHTS ON THE LEVER
Materials for groups of three:
L. Bar 3. Pin

2. Two wire hooks 4, Five weights

The balance can be used to £ind out which objects such as shoes ‘are

Gt s L Y

heavier. The heavier shoe will cause the bar to turn downwards and not
be in helance. This idea of balance then can be a useful tool for finding
out how much something welghs.

The bar, pin, and hooks are to be used to determine which shoes
veigh more, The results are to be drawn on the diagrams below. If you
do not understand, ask your instructor.

Ieft Right Left Ieft
Shoe N\ Shoe Shoe ~\ Shoe
v \/ Vv J \J b
Which is heavier Which is lighter
[ |
Right Right

rShoe 9 Shoe 1. ¢ o .

Which is hesavier

When you have completed this activity, obtain A - 2 from your instructor.




Student A -2

DETERMINING THE WEIGHT OF AN OBJECT

Now that Activity 1 is completed, obtain weights from the instructor
and Pind out how much the shoes reslly weigh., Be sure that the hooks
are placed on the end of the bar.

Find out how much ‘the shoes weigh by using washers to balance the
bar. The results are to be drawn on the diagrams below. How many washers
does the shoe weigh? Weight may be expressed by the nunber of weshers
as well as in pounds or ounces.

Left

JShoe

Feldite

Nunber of weights

O

Left

Shoe We ights

o

Nunmber of weights

Ty € AL IEF TR TS A
-

Number of welghts
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Weight 1 Weight 2

Set up a demonstration using the bar, pin, hooks and various objects

as welghts, to determine which of the objects is heavier. Use the

drawing sbove as a guide. After finding out which one is heavier, answer

the questions below,

ij. TIs the bar in balance after putting the weights on the ends of the lever?
o, Ts weight number 1 heavier than weight nunber 27

3. Is the turning point in the middle?

Teacher instructions:

Have each group tO reassemble their apparatus for A-l and A=-2.

Then proceed with the examination by asking leading questions to each

group while circulating among the groups. Insure success through dis-

cussion with each group. After the smell group discussions, instruct

the students to write the answers to the questions independently stating
stions as they did.

-~

+he reasons why they enswered the gbove que
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Teachex directions A-3 (continued)

SCIENTISTS HAVE FOUND OUT THAT THE BAR HAS TWO DIFFERENT TYEE3 OF USES
VHEN THE TURNING FOTNT IS NOT IN THE MIDDLE OF THE BAR. THE NUMBER CF
VETGHDS NEEDED TO BALANCE THE SHOE IS VERY DIFFERENT WHEN THE SHOB I8
AT DIFFERENT ENDS. YOU AKE TO FIND OUT ON WHICH END THE SHCE SHOULDL BE
PLACED, AND THE NUMBER OF WEIGHTS NEEDED TO BALANCE THE BAR WHEN THE SHOE
IS PLACED ON ETTHER END OF THE BAR, I THINK YOU ALREADY KNOW, BUT YoU

MUST SHOW IT.

Place s prepared acetate on the overhead projector showlng the shoes
and weizhts in the corfect places, but do not mention it to the class.

After A - 3 1s completed, the elers is to reassemble for a discussion
of results and princlples using a prepared acetate. The introduction of the
term DATA is to be used but not stressed, The terms DATA and INFORMATION
can be used interchangeably. There should be no effort made to force
the term data, but make repeated use of the term both verbslly and in
written form. '

This discussion will be centered around the instructor who is verbally
asking far results in the large group and writing the data on the overhead
projector, Use no structured approach, bub from & voluntary recltation
gather data.

THE INFORMATION CONCERNING SHOES SHOULD BE PLENTIFUL. WITH YOUR
BAR YOU FAVE WEIGHED THEM MANY TIMES AND COLLECTED A LOT OF DATA TO GIVE
YOU 'THIS INFORMATION. S0 LET'S FIND OUT WHO HAS THE EEAVIEST SHOE AND

WHO HAS THE LIGHTEST SHOE.

Using s prepared acebate as shown below, record ail data. You may
guestion the valldity of some of the results, but record them anyway. It
students question 1t, encoursge questioning and ask for proof by teking
time to perform the needed test to prove it. The selection of students to
perform the activities in front of the class should reflect good Judgement.
Tt will be necessary to use the lever of the group in question, If unable
\ to select a student, then the teacher should demonstrate by setiing up &
lever. If students fail to question the validity of certain fesults then
] the teachzr should encourage questions concerning the velidity by asking
- leading questions. '

For overhead projector

DATA ON SHOES
Heaviest shoe Lightest ahoe
%




Teacher Direction A - 3 (Continued)

After the heaviest shoe and vie 1ighteot shoe have been selected
the discussion should lead into mechanicel advantage. The important ldea
to stress is that in leverage it mekes a great deal of difference when you
change the position of the turaing point. This should be obvious to the
students at this point but a verbal acknowledgement should be givem, This
can be accorplished by referring to & car stuck in the sand and the se
of a lsrge pole as a lever.

YOU KNOW IT MAKES A LOT OF DIFFERENCE WHERE THE SHOE IS LOCATED ON
THE BAR, IF IT IS ON THE SHORT END OF THE PAR YOU CAN MOVE IT MORE
EASILY, BUT IF IT IS ON THE LONG END OF THE BAR IT ISN'T AS EASY TO MOVE.
RIGHT?

(A short discussion will establish this point.)

THERE IS A DEFINITE ADVANTAGE IN KNOWING ON WHICH END TO PIACE THE
OBJECT YOU WANT TO MOVE. FOR EXAMPLE, IF YOUR CAR WAS STUCK AND ALL YOU
NEEDED TO DO WAS LIFT OVE WHEEL, AND YOU HAD A LONG POLE, HOW WOULD YOU

GET THE CAR QUT?

{0ther evamples can be used., How would a house mover 1ift the corner

of 2 house?)

TEACHER DIRECTION oa-l
HOW A SCTEWTTST WORKS

Materials for groups of three:
1. Bar . 2. Pin

The following discussion should lead the class into a more scientific
epproach in investigating the iever. The crude bar had many inadequacies
and these inadequacies when critically analyzed should reveal the need for
better equipment and a more refined technigue. The term FRICTION should be

. jntroduced as it applies to the fulerum,

‘ Pags out the bar and pin used in A - 3.

LOOK AT YOUR BAR AND MOVE IT VERY SLOWLY ON THE PIN. ('I'he teacher
should demonstrate both turning snd sliding movenent. ) .

NOW, LET'S CRITICIZE OUR RESUTTS JUST LIKE A SCIENTIST WOULD, WHAT
THINGS CAN YOU SEE THAT WOULD CAUSE YOUR RESULTS TO BE INACCURATE? (List a1l

responses on the overhead projector.) Stress friction. Stete ways that it
may be overcome. Incourage the need to provide equipment to overcome the
Ynadequacies using references %0 the avallsble equipment to be used in
the following activity. An example would be the use of a thin edge in the

place cf the pin for the fulerum.

il o R n i e

Pass out A - k.
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Student A-3

THE LEVER WHFN THE TURNING POINT IS NOT IN THE MIDDLE

Materials for groups of threes:

l. Bar 3. Two wire hooks
o, Pin h, Veights

The balance can be used. to f£ind out how much obJects weigh. You will
know the number of we:lgh’cs. needed when the bar is in balance. To balance
the bar, place a shoe or the object to be weighed on one end and the
weights on the other end. The zlifferent.:e in the number of weights needed :
18 to be determined when the turning point is not in the miadlc of the bar.
The results are to be drawn on the diagrams below. If you do not understand, 1

ask your instructor.

Teft Teft 1
Shoe ( ) Weights Weights Shae ;
v v 9 14 k:
B Number of weights Nunber of weights
, r -
: Right : Right ]
; ‘Shps e Weights Weights Shoe
: Nuuber of veights | Number of weiglhts 3
= = ‘
%’: .
; Bag of Bag of
1 sand G Vielghts ~ Weights O - sand
S | 3
p Number of weights - Number cf welghts
é Heaviest 8ho€ .eceeees __welghts Heaviest shoe .......____ welghts
| Lightest shoe ¢.00000. welghts Lightest ghoe ..e00ee welghts

Seapiay
.

Bag of 8and .cecevcoan welghts Bag of sand cecevsove welights

. ;:‘M’www o
A\J

A}

5‘
g

3

:

]

3

3 y
4

!\a

¥

E
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EXAMINATION A-3

Situation test: The %“eacher reads the situation and questions to the

clgss. The students are to use their own pencil and paper.
TF PIG JOHN AND LITTLE BILL WERE ON A SER-SAW WITH THE TURNING POINT
I THE MIDDLE, THE SEE-SAW WOULD NOT BE IN BAIANCE. (Conduct a free

discussior, with the teacher providing leading questions to insure under-

stending, Use overhead projector illustrating the situation by a freehsnd
Avawing. )
). WHO WOULD BE CLOSEST TO THE GROUND? (Teacher instructs the students

to enswer by telling who and why or how they know.)

WHAT WOULD HAPFEN IF BIG JOHN JUMPED OFF THE SEE-SAW? ('.[feacher

instruction same as in question 1.)

2e

7 LITTLE BILL JUMPED OFF THE SEE-».»AW WHILE BIG JOHN WAS ON IT, WHAT
WOULD HAPPEN? (Teacher directions same as In question 1.)

l, IF LIPTLE BILL AND BIG JOHN BOTH JUMPED OFF THE SEE~-SAW AT THE SAME
TIME, WHAT WOULD RAPPEN? (Teacher directions same as in question 1.)

Teacher instruction:
Thie verbal test on & - 3 is to

completing the activity.

follow the class discuss ion after
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Teacher direction A - 4 (continued)

The reading material should reinforce the zbove discussion. The
‘teacher must relate the reading materisl to the activities.

The terms INIERPREFING and OBSERVATIONS in the reading waterial will
be new words and must be clarified beTore the students begin reading.

The following discussion is to reinforce the reading material and
give the students confidence in thelr rcading ability. fhe teacher should

o e ndht A P SR
commend the studsnis whenever ponssiblce Por gebtting a0 mich cub of their

reading assignment.

DID THE RFAODING MATERTAL BRING UP ANY QUESTIONS NOT DISCUSSED IN
CLAS3? (Discussion)

A short discussion of the points in the laat paragraph of A -~ 4 will
be needed if not initimsted hy the students. The discussion should introduce
A ~ 50
TEACHER DIRECTION A-5

INCREASING ACCURACY WITH LEVERS

Materiale for groups of three: (H.B.W. ~-12%, blue drawer, boxes 1 and k)

1. 1 wood ruler 5. 1 fulecrum bracket (pin)
2. 1 bsrdboard 5" x 13" 6. 1 lewer holder

3. 2 slotted hardboard supports 7, 2 bolis and nuts

h, 1 plastic tube 8, 6 wachers (weights)

The students are to follow teacher instructions in agsembling their
apparatus and not get ahead. The teacher should have a preassembled model.

ATTACH THE FULCRUM BRACEET TO THE HARDBOARD WITH THE TWO BOLTS AN NUTS.
(The teacher should show the position on the assembled model for 211
steps. ) WNi{T s ATTACH THE SLOTTED HARDBOARD SUPFORTS TC THE HARDBOARD AND
INSERT THE PLASTIC TUBING FOR STABILTITY, Pausc. NEXT SLIP '"HE METAL LEVER
HOLDER ON THE RULER IN THE MIDDLE AT ZERC, MAKE SURE YOU DO NOT GRD 1T
UPSIDE-DOWN.® NCW PLACE THE IFVER DBRACKET ON THE FULCRUM BRACKET. Pause.
IS IT IN BALANCE? |

PILACE A WEIGHT ON 'THE LEFT SIDE OF THE BAR SO THAT YOU CAN SER THE
NUMBER 10 THROUGH THE HOLE. Pause. IS YOUR BAR TN BATANCE? (Discussion)

* Harcourt, Brace and World, "Clessroom laboratory 6", Investigation No. 12.
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Student A-bL
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B HOW A SCIENTIST WORKS

The selentist writes =il discusses what he finds with other people.

This is his way of checking on himself. He asks people to tell the truth

and to ask him many questions. 1f he can't answver the questlons, then he

tries to find out the answera., Usuelly, he returus to his laboratory and
sits down to think about bis problem and change his equiprent to obtain
more accurate icformation, or data. He knows that accurate information

L )

{s necessary in order to understand the information or data.

After the scientist has obtained improved equipment, be then proceeds

to do the experiment egain. In the cese of levers, he kaows that belance

e important, He kmows that friction at the turning point is not good.

e knovz that all ‘the messurenents are very jmportant and must be asccurate.

He lnows the weights must be aceurately counted. He investigates to £ind

the answers to questions by observations, by recording data, and by 5

{interpreting data. He attempts to be careful in gethering his date 8O

that his conclusions will be dependable. 1
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Teacher Direction A -5 (continued)
PIACE ANOTHER WEIGHT ON THE RIGHT SIDE OF THE BAR S0 THAT ¥OU CAN
SEE THE NUMBER 10 THROUGH THE HOLE, IS YOUR BAR IN PALANCE? Psuse.

HOW DO YOU KNOW?2 :
PIACE A WEIGHT ON THE LEFT SIDE OF YOUR BAR SO THAT Y(U CAN SEB ‘THE

NUMBER 6 THROUGH THE HOLE, IS YOUR BAR IN BATARCE? (Discussion)

S1ACE ANOTHER WETCHT ON THE RICHT SIDE OF THE BAR’ S0 THAT YOU CAV SEE
THE NUMBER 7 IN THE HOLE. IS YOUR BAR IN BATANCE? Peuse. HOW DO YOU
KNOW? (Discussion) WHERE SHOULD TH; WEIGHT ON THE RIGHT SIDE BE PLACED
FOR THE BAR TO BALANCE? (6) (Discussion)

PIACE TWO WEIGHTS ON THE LEFT SIDE ON NUMBER 5 AND TWO WEIGHTS ON
THE RIGHT SIDE ON NUMBER 5. IS YOUR BAR IN DALANCE? .(Discussion)

Pass out A-5.
NOW LOOK AT SHEET A-6, FOLLOW THE DIBECTIONS AND COMPLETE THE

ACTIVITY, (Discussion)

Topic 3 - A moment of force is the force times the distance from the

turning point.

TEACHER DIRECTION A-b6
MOMENTS OF FORCE

Moterials for groups of threc: Same &8 for & - D

This activity will introduce the term and concept of 'moment of
force', but the term is not to be stressed at this time.

Pass out A - O.

ASS}EMBLE YOUR APPARATUS THE SAME WAY YCU DID IN A~S5. FOLLOW THE SAME
PROCFDURE USING THE TNFORMATION GIVEN TN THE TABLE AND DETERMINE THE POSTTION
THAT BRINGS THE 1EVER INTO BALANCE. RECORD YOUR RESUITS UNDER POSITION

ON THE RIGHT SIDE OF THE TABLE,

Demonstrate procedure and record the first llne of the table on the
prepsred acetate. Tnstruct the students to obtain dats to complete the

table.

After all equipment nas been disasscrbled end returned, complete the
table on the overhead projector with the students in a large class diccussion

letting the students supply the answers.

HOW DID YOUR EQUIPMENT WORK? (Discussion.
FIRST BAR? (Discussion)

) WAS IT BEITER THAN THE




A-5

INCREASING ACCURACY WITH LEVEI

l. 1 wood ruler 5. 1 plastic tube
2. 1 hardboard (5" x 13") 6. 1 lever holdexr
3. 2 slotted hardboard supports?. 2 bolts and nuts
b, 1 fulecrus bracket (pin) 8. 6 weights

Attsch the fulerum brecket to the hardboard with the two bolts and .
, nuts. Next, attach the slotted hardbosrd supports to :{:b.e hardboard and
insert the plastic tubing for support. Next, slip the metal lever holder
on the ruler in the middie at 0. Mgke sure you do not get the ruler in
~ the up-side-down way. Now place the lever on the fulerum bracket., The
lever should now be in balance.

Place the welights on the numbers indicated in the drawings below
and enswer the questions. If you do not understiand, ask your instrucior
for help. '

lrweight ek Wedight . 2 weights 2 welshts

10 10 ?(L

) 1 . ] |

Fulérun | | | Fulerum
Is this in balance? : Is this in balasnce?
. i N |

L Weight 2 weights * welghts ight

' | welghts

o SP ‘I T LT UNELINE B Bt |

1 ) LA i taat i

Ful.crum Fulcrum

3 this in balance? Is this in halance?

&ed
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Teacher direction A - 6 (continued)

NOW LET'S TRY TO INTERPRET THE DATA. WHAT CAN YOU FIGURE OUT PROM THE
TABLE? (If the blank space is not mentioned, call it to their sttention. )
LET'S FILL, IN THE TIATK COLUMN ON THE LEFT SIDE AND THF RIGHT‘SIDE OF THE
TARLE. ON THE FIRST LINE, LET'S MULTIFLY THE NUMBER OF WETGHTS COLUMN
TIMES THE POSITION COLUMN AND RECOED THE ANSWERS IN THE BLANK SPACES.
FIRST, MULTIPLY 2 TIMES 5., Pause. WHAT DID YOU GES¢ 12° RECORD THAT
NUMBER TN THE BLANK SPACE. (Discussion) NOW MULTIPLY 2 (IMES 6 ON THE
RICHT SIDE. Pause. WHAT DID YOU GET? (12) RECORD T'4T NUMBER IN UHE
BIANK SPACE. {Discussion) Complete the chart in a #:mllar menner. DO
YOU KNOW WHAT SCIENTISTS CALL THESE RESULTS IN THE FLANK SPLCES? Pause.
MOMENTS. SO WRITE MOMENTS 1IN THE CHART, (Discuss",.rn}

The following discussion is to develop the "if -~ - then" approach
to learning. Instesd of "if - then", the term "ruld you believe" mey

be used.
Instruct the students to get a percil and sheet of paper.
WOULD YOU BELIEVE , THAT IF TWO VEIGHIS WERE ON 5 i THE LEFT £1DBE,

THE MOMENT WOUID BE 10. YES. (Using the overhead projector, mzke sure
+he students undevstand the procedure.) Then make thic a game by asking
the students to pose questions. You mey have to give several more exaupies
and the students may not choose to ask guestions readily, but be persistert

and try to meke it into a game.

WOULD YOU BELIEVE, THAT THE MOMENTS WOULD BE EQUAL AND THE BAR WOULD
BE IN BALANCE, IF THFRE WERE TWO WEIGHIS ON 5 ON THE LEFT SIDE, AND ONE
WEIGHET ON 10 ON THE RIGHT SIDE. Develop this by using the saue procedure

as sbove.

TEACHER RESOURCE A -7

DETERMINING MORE COMPLEX MOMENTS

This sctivity is to develop the concept of total numents of force.
mhe total moments of force can be determined by adding the moments on
each side of the lever. The total clockwis: moments must equal the total
counterclockwise moments to produce equilibrium or balance.
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MOMENTS 08 FOR

~

Materials Tor groups of thre=:

Samc &8 A - 5.

Many scientists use the seme method for S0iviig @ problem, First,
they determine what questions need %o be snswered and then they try to
think of some nossibie answers. Mext, they experiment, collect data,
and. place it in a teble similar to the oxue below. Then they try to answer
their questions from the informaiion recorded ir the table and by discussing

1% with other seientists.

Complete the table below by filling in the colum laft blank under
rpogition” on the right side by expe-rimentation. Remember, your lever

must come to bsliance.

LEFT SIDE RIGHT SIDE
§
Mumber of Nunter of
Positic Pogition
weights | ° . welghts O
2 6 .op
2 6 1
3 I 2
5 & 1
p) 3 1
[yt 6 )+
b 4 2
1 1z 3

After completing the experiment, take your epparatus anaxt and
return it to the proper placi.

P W .
e A ver W st 2 E T 3 PUZR bl
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' Teacher resource A ~ 7 {eontinued)
] ~
E
YA
3 5
Counterclockwise
uomsnts
Clockwise
nonents
If each force (E}) = 1 weight (\mihexr)
Countercleckwise = clockwise
F x D {effort) = RxD 4+ R xD(resistance)}
23 noment = moment 4+ nouens
1x8 = 1lx3 + 1%5
8 = 3 + 5
8 = ¢

The lever is theresfore in balance.

The direction in which the force is Yeing exerted determines whether
it ie g clockwise Ox counterclockwisz moment. S

TEACHER DIRECTION A -7
DETFRMINING MORE COMPLEX MCIEENTS
Moterials for groups of three: Same zs for A - 6.

ASEIMELE YOUR APPARATUS THE SAME WAY YOU DID IN A-6. DO NOT BEGIN
THE EXPERIMENT UNTIL ALL HAVE COMPLETED ASSEMBLING THE APPARATUS. WE WILL
WANT TO DO THE ¥IRST CCUPLE OF PROBLIMS TOGETHER. 80, DO NOI BEGIN UNTIL

? ALT, ARE READY.

rYass ouht A-T.

A R L R P v A i s
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" Teacher direction A - T {contdnned)

The students ere o inllow aleng with their appsratus ss the teacher
demoustrates on the overbend projecsor with the prepared ecvtate., While
leading & discussion, wakes sure all ove following your instructions., The
atudents are to follow the demornstratisn diegram on the first page of A-T.

After coupleting the demonstrabion, have the students complete the table
on the second page of A - 7.

After the upparstus has been disassembled and replaced, begin the
discussion of the activity in the clazs group uwsing the overhead projector
and a yrepared scetate of the table. The students sheuld have pencil and
paper for calculations.

NOW, LET'S LOCK AT THE TABLE AND TRY TO INTERFREL TAE DATA. WHAT CAN
YOU FIGURE OUT FROM THE TABLE?

T the blank space is not mentioned, call it to the students” attention.
The tescher should proceed to Till in the table zs in A-6. Some aciing
by the teacher will be necessary to dramstize the relationships of noments
of force. Tn this discussion, the term MOMENLIS OF FORCE should be used
freely. Compliment student usage of the term. '

Fhe Tollowing discussion is to develop the Yif - then" approach to
learnirz. Irstead of "if - then", the term "would you telieve” may te used.
"WOULD YOU BELTEVE", WHAT IF ONE WEICGHT WAS PLACED OI THREFR AND ONE

WELCHY WAS PLACED ON FIVE ON THE Savk SIDE, THEN HE MOMENTS ON THAT SIDE

WOUID RE EIGHT. VYes. Proceed with individual coleulatioms followed by
demonstrations uwsing the overbesd projector and & preassembied spparatus.
WOULD YOU BELIEVE, THAT FOR PALANCE, THE MOMENT OF FORCE ON THE OPFGSITE
SITDE WOULD HAVE 7O BE EIGHT? Yes.

You may have 10 give severas] more exsrples to encourage students to
pose similar questions, but be persistent and try to make it into a gmme.
Attempt to met all the studerts to participate., IExplair the use of the
ters clockwise and counterclockwise to designate the direction of
rotation of the lever,

WOULD YOU BELIEVE, THAT IF TWO WEIGHTS WERE PLACED ON b ON THE _I_:_Tf__’tl'l’_
SIDE, THAT THE COUWIERCLOCKWISY MOMENTS OF FORCE WOULD BE 87  Yes.
(Diseussion).

"WOULD YOU BHLIRBVE”, THAT IF ONE VEICHT WAS PLACED ON L ;s AND ONE
WETGHED WAS PLACED ON 6 OW THE BIGHT SIDE O THE LEVER, THAT THE LEVER
WOULD BALANCE IF TWO WEIGHTS WHERE PIACHEY CN 5 ON THE &?El_‘_ SIDE OF THE
IEVER? Yes,

Student participation snd demonstiratlon on & preassembled apparatus
will be necessary. Have then identify the clockwise and countercloukwize
momente., Heve the stndents, es & group, cuggsest severcl combinatlons to
further investigate momen*s. Or smseld groups may develen thelr own table
and then test thelr prediciiocus.
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Yaterisls for groups of thies:

Same a8 & - D.

balance, the momente ~»f force
of {arcec on the righb cide.

were? You just mult
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But, what would happen

e the same.
moments.
A-T by £511ing in the coiumn

Remember, your iever must be
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In our esrlicy discussiors,

Nememper how you fouwnd o%
ioiied the distance of the

point times the mmber of weighis.

when things are in balence; b
£ we had more than one welght on one of the
siges? IFf the lever is in balance,

Let's collect some data vsing

Obtain the date and complete the table on

To hielp you understand the table,

Deronstratio

MORE COMPLFX MOMENTS

e found out thati when the lever wad in
rc the same as thie monents
-+ what tihe moments

on the left side we

weights from ihe turmning

Tt seems, then, that the moment- uwetermine

sy must he the sazme On each side.

+he moments oOn voth sides must still

your spparatus snd Tind out uore sbout

the second page of

under 'Moment' on the ieft and right side.
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UITY & INCLINFD PLANZ

TEACHER RESOURTEH

77 !
« v
b, befert | 1
Distance heighi . Dy Roslistance
(1 #t) Tristence

Tlane
(2 £%) ‘

!
'
i

1. An inclined plene is 8 flet surfzce raised at one end.

o, An inclined plene wskes 1t possible to sapply less force over 3 greater
distence. Bub the hotal amount of work remains the same.

%. The forces acting on the resistance are balanced when the registance is

aot moving. Work is equal o force timee 4.ohance. When the resistence

is not moving the distence is O, thevefore, the work is C.

L. The formulac for mechsnical adveniage &re:

aotual welght of resishance (%)

l’ Y s = : R fa".: °

. A, . itk Torcs (B) (Actusl . A.)
_ Length of plane g'.De; o \

5. TFriction wil. accowt for u smell cxperimental error.

6. Tke incline is the angle between “he plane and the norizontal surfece.
I the laboratory activity an angle of 30° will e sed.,

M. Acz g = 8 P

=t
.
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Topic 1 - Work is the product of the force times the distance.

The concept of 'work' and of ‘machine’ must be developed to
understend the inclines plane. Think of the human body a¢ & machine,

MR: MACHINE, CAN YOU DO ANY WORK? (Discussion.) WHAT IS WORK?
(Discussion) CAN YOU DO WORK WITHOUT:EXERTING A FORCE? (Discussion)

Should the question of mentel fatigve arise, limit tne discussion to
physical rather than bicloglesl measurerents. Biological measurements will
be studled later, but explain that mental acitivity is definitely tiring.

DO YOU HAVE TO MOVE SOMETHING TO GET WORK DONE? Yes. (Discussion)
WE HAVE AGREED THAT BOTH FORCE AND DISTANCE ARE NECESSARY TO DO WORK.
SCTENTISTS SAY THAT WORK IS FORCE TIMES DISTANC:.
_ Write on the overhead projector "Work = Force times Distance”.
50, LET'S DO SOME WCRK. (Instruct a student to push on a wall. )
TS HE DOING ANY WORK? No. (Discussion) WHY? (Discussion) SOMEBODY
DRAG HIM A CHATR. (Do not let the student carry the chair.) (While
dragging the chair), IS THE CHAIR DRAGGER DOING ANY WORK? Yes.
(Discussion) WHY? (Discussion) HOW MUCH FORCE WAS EXERIED? (To
detenmine the force , Crag the chair with s large spring balance. )

Have several students measure the dielence the chair was dragged.

" Calculate the work using the overhead projector. Do other experiments
if reguested.
TEACHER DIRECTION 'A -8
WCRK
Materiais for groups of three: |
1. Ruler

Materiasls for the class:

1. Bathroom Scale
2. Large spring balance.

Tormel iustructions by the tencher have been omitted in this activity.
Pass out sheet A - 8.

Using the overhead projector and a prepared acetate, calculate and
record the date needed to complete the chart for A-8. The Tirst three
problems will show a definive relationship as the weight remains the same
and the distance increases by one. The work will increase as the distance
increases while the weight remains the same.

<oy e
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| Teacher direction A - 8 (continued)

,, The term foot-pounds is {uvroduced ot this point and should be used
the,,diamsion freely. Try to get the students to use the term, but
wu,ﬁ».w-..c it wss. Baplain thet foot-pounds is tie uvnit in which work
isﬁu m‘e&. Xt i1s appropriate and "makes sense" since you multiply
teot times distance. Note that all formulas are wrlitten out. Pamst
a emerimces with formulas have shown ‘that the only symbol which one can
“uze successiully is the equal (=) sign.

J

§ ""%i’& ;

LET'S COMPLETE THE CHART TOGETHER, IF YOU HAVE‘ ALREADY COMFLETED
YOURS, CHRECK YOUR RESULTS.

Ask for weights of the books st random and list one of the answers
in the weight column, then solve the problem on the side of the acetsate.
Explain every step to the students. It 1s suggested you work the first
problem with everyone paying attention, then ask the students to get out
scratch paper and work the remaining problems with you. This is a good
place to check the students' mathematics. Be sure to recognize success
vhenever possible.

LET'S IOOK AT THE FIRST NUMBERS IN THE WORK COLUMN AND THF FIRST
NUMBERS IN THE DISTANCE COLUMN. CAN YOU SEE ANYTHING THAT SEEMS TO BE
INDICATED? . (Discussion) As the distence increases, the amount of work
increases.

Tae relation of force, weight and work should be pretty well’
understood. Play the "would you believe" game. 'WOULD YOU BELIEVE",
THAT IF A MAN WEIGHS 150 POUNDS, AND IS LIFTED 2 FEET, THAT THE WORK
DONE WOULD BE 300 FOOT-POUNDS. ¥es. Solicit problems from the class.

“WOULD YQU BELIEVE", THAT IF THE AMOUNT OF WEIGHT INCREASED AND
THE DISTANCE MOVED INCREASED, THE AMOUNT OF WORK WOULD INCREASE.
(Discuss ion) Solicit verbal work problems as sbove from the class.

Topic 2 =:The inclined plane is a flat surface raised at one'ena.

SCIENTISTS USE I'HE TERM "FORCE", MEANING WEIGHT, AND DETERMINE
FORCE BY USIWG SCALES OR SPRING BALANCES AS YOU DID IN THE LAST ACTIVITY.
BUT WE HAVE LOCKED AT ONLY TWO KINDS OF FORCES, THE EFFORT FORCE AND THE
RESISTANCE FORCE. WHAT IS THE DIFFERENCE IN THE TWO FORCES? (Discussion)

The discussion should be very clear as to the relation of the effort
force and the resistence force. The resistance force is related to the
resistance, and the effort force is related to the effort. It should also
be brought cut that the resistance force acts in a direction opposite to
the effort force. This will be very important in understanding the inelined
plane. A good example is when the boy dragged the chair across the room.
Friction should be discussed. It should be stressed that it should bde
reduced before using a mechine to do the work. In the fellowing activities,

friction will account for some of the experimental ervor.
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Topic 2 (continued)
LFT'S THINK OF SOME WAYS THAT THY EFFORT FORCE MAY BE REDUCED TO

LIFT SOME OBJECT, OR RESISTANCE. (Discussion) Ievers will be mentioned
but tell the studerts to try to think «© another way. If the inclined
plane is not suggested, give an example o how a man on a wheel chair

: gets into a house by bullding a remp Or inclined plane. A car going up a
* hill is another example. *

IF A ROAD BUILDER WAS BUILDING A RCAD IN THE DESERT AND WANTED TO
BUILD A BRIDGE OVER A RAILROAD TRACK, HOW COULD HE DO IT? (Discussion)
Make tbe point that the flat surface of the road would be reised to form
an inclined plane. IT{ would be impractical to build an elevator or use
a lever. An ax biade and & knife are other exemples. The point to stress
is that the weight of the object doés not change, but the amount of effort

force required to cause movement or bala:ce does change.

Pgss cut A - O
TFACHER DIRECTION A-9

ICLINED PLANE
Materials for groups of three: (HBW - Blue drawer)

1. Ruler b. Inclined plane
2. Spring Balance 5. Truck
3, Two 4 ounce welghts

The inclined plane can be constructed by the students from scrap
materials from a wood shop. The plane should be at least four inches
wide. '

The teacher should demonstrate the inclined plane and alsc show how -
it works using a prepared acetete. Then the equipment should be issued
for the students to assemble prior to a discussion of the procedures, °
The students do not record data at this time. A trial run by the students
is advisable before they start coliecting and recording dsta. Hall's
carriages and other inclined planes may also be used in addition to the
toy trucks if interest is sdequate.

Advise the students to round-off the nuabers representing the forces
to the nearest ounce., & demorstration may be necessery. Use of the
truck to show how to rourd-off is advisable. Tt should also be recognized
that the spring balances are insccurate which will account for some of the
experimental error.

After demonstrating the proper techniques, circulate among the groups
helping them to succeed.
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A-8 :
WORK %

Material for groups of three:

A single word can have many mesnings and can be used 1n many different
ways. A good example is the word “cut". It can mean turn, such as
"eut the corner", or it can mean stop when you Jay “cut it out', or it
can mean slice when you say "cut the butter', Scientists long ago recog-
nized this problem and reslized that scmething had to be done so that
selentists everywhere would know what they meant when they used important

pa
g

words such as work.
Pechrically the word "work" is defined as "force times distance,” k:

This means that some force must be used to move an object some dlstance.
If an object is not moved, then no work has been done.

Complete the table below by filling in the columms left blank.
Remenber, the force is measured with the gpring balance, or i;he bathroum
scales. ILift all objects straight up and measure the distence lifted.

WORK | :
DISTANCE | FORCE | WORK ]
OBJECT —l feet pounds- foot-pounds E
1 book l 1 foot :
-,-...-—ﬂ_—-'--—-—.ﬂ : 5
1 book 2 feet } ' 4
N R .
1 book '3 feet
2 books 2 feet ] 1
2 books 4 feet
2 fecet i *
e | 3
4 Peet T
u chair | 1 foot T
9 » 3 e,

Would it take more or less work to lift 10 pounds 2 feet than to 1lift
20 poundis 2 feet? wWhy?. How much? :




Teacher direction A - 9 (continued)

After cowp.ction of the activity, the students are to reussemble as
a class for s discussion of the results. Using the prepared acetate of the
chart, solicit resuits frecm the students and perforn the required calculations.

ress the point that, disregarding friction, the smount of input work
1z the same as the amount ¢f output work. BEven though the amount of work
is the same, the effort force and distance vary. This can be shown by
an analysis of the dsta after completing the chart. By questions, involve
the students' paxrticipation in the analysis.
"WOULD YOU BELLEVE," THAT A BOY RUNNING TO THE TOP OF A BRIDGE WOULD
DO THE SAME AMOUNT OF WORK BY CLIMBING A LADDER TO THE TOP OF THE BRIDGE.

Yes. It may be helpful to meke a drawing of the inclined plane on the
overhead. projector. Some numbers may be needed (whole, simple nunbers).
The welght of one of the students mey develop interest., Solicit and use
problems from the class.

TEACHER DIRECTION A - 10
STAIRS AND WORK
Materials for the class:
i. Bathroom ccales . 2. 50 feet lape measure

' The teacher should develop the ides that stairways are inclined
planes. Steps are for humen convenience only, but the plane remains and
can be measured since the top of the stairs 1is higher than the bottom.
This meets the definition of the inclined plane, that is, a relatively
flat surface ralsed at one end.

"WOULD YOU BELIEVE,"” THAT A STAIRWAY IS AN INCLINED PLANE?
(Discussion) WHY? (Discussion)

SINCE WE KNOW THAYT A FLIGHT OF STAIRS IS AN INCLINED IIANE, WOULD
YOU BELIEVE, TEAT A BOY RUNNING TO THE TOP OF THE STAIRS WOULD DO THE SAME
AMOUNT OF WORK BY CLIMBING A TADDER T0 THE TOP OF THE STAIRS, IF THE IADDER
IS STRATGHT UP! Yes. (Discussion) LET'S USE THIS KNOWLEDGE TO FIND THE
¥FFORT FORCE WE USE TO CLIMB A STAIRS.
Pass out the first page of A - 10,

"Place the prepared acetate on the overhead projJector for discussion
of the imgtructions and procedures on the student shest., Pess out page 2
after the completion of the first vage.

After completing page 1 at the stairs, retwrn to the classroom for
caleculations, On the prepared acetate, complete the table in detail with
the class,




A-9
INCLINED FLANE

Materials for groups of three:

1. Ruler ~ h, Inclined Plane
5

2, Spring Balence o Teuck
3, Two U ounce weights

5™ —

; ‘ To a road buillder and the driver of a car, the imclined plane is mo3t
O important. To make the inclined plane, the road builder raises the flat
: __surface Of the road on one end. This causes an incline for cars to be
" driven up. As you kno'w'r, how steep a hill is, or its incline; determines
~ pow hard it will be for the car to climb the hill. A very steep hill may
| prevent a car with low horaepower from climbing 1t, or it may he so hard

to climb that traffic will move' slowly near the top of the hill.
f As you know, when you are moving something, you ere doing work. Iou
; can find oub how much work you are doing by miltiplying the effort force,
measured on the spring belance, times the distance the object is moved, that
is the length of the plane. Werk = effort force times the length of the
plane. And of course, as you remember, work ls also equal to the resistance
times the distance the object is lifted. This gives you tﬁo vays t0 measure
work. Let's £ind out if the work you do in pulling the truck up the
inclined plane is e¢mal to the work you do in lifting the truck the height
of the plane. Is the effort force times the length of the plane, the same
as tk'ie resistance force times the height of the plane?

b
3




" STUDENT
Page 2

Obtain an inclined plane and the other materials needed to find
the enswer to this question. Gather date and complete the table below by

£111ling in the spaces left blank.

I. Work = Distance lifted (straight up) TIMES Resistance force (weight)
II. Work = length of inclined plene TTIMES Effort force (spr

Work: The Inclined Plene

ing balsnce,
pulling)

DISTANCE

Is the amount of work the same in both case I and case II for the

chject? If not, you need to check your work.
Try other objects if you want to.
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Teacher directicn 4-10 {coatinued)

Page 2 of A-10 should not be given to the students until all have
returned to the classroom., Do not stress the derivation of the formula,
but answer all pertinent questious.

After discussing and working the problems as a class, each small
group will choose one representative to welgh himsell, and as & growp of
thrse, calculate the effort force required to climb the stairs. This is
to be done on the bottom half of the second page of A-10.

Tovic 3 ~ Power is the amount of work divided by the Time.

TEACIIER RESOURCE

Pover = Distence times Force _ Work _ Y¥oot-Pounds
wer = Time = Time ~ Second

_ Work 550 is the conversion factor
Horsepower = &35 3 Seconds 0ne H.P. = 550 ft-Ib/sec.

WOULD YOU DO AS MUCH WORK WAIX.NG UP THE STAIRS AS RUNNING UP THE
STAIRS? (Discusion) WHY? Work is not a function of time, FPower is s
function of tiue. ' | . _

. TELI, ME SOMETHING. WHY CAN SOME CARS ACCELERATE FASTER THAN OTHERS
EVEN IF THEY WEIGH THE SAME? (Discussion) The term horsepower will be
mentioned by the students. WHAT IS HORSEPOWER? (Discussicn) HORSEPOWER
IS THE AMOUNT OF WORK THAT AN AMGE HORSE CAN DO IN A CERTAIN AMCUNT OF
TIME, HORSEPOWER IS JUST ONE OF MalNY WAYS OF EXPRESSING POWER. SO LET'S
TATK ABOUT POWER FIRST AND TPEN HORSEPOWER. SCIENTISTS SAY POWER IS THE
AMOUNT OF WORK DIVIDED BY THE TIME REQUIKED TO DO THE WORK. FOR INSTANCE,
IF YOU LIFTED A 10 POUND SACK OF SUGAR 4 FEET IN 2 SECONDS, HOW MICH POWER
WOUID IT TAKE? (Write the formula on the overhead projector using words,
notsymbols.) FIRST, LEP'S DETERMINE THE AMOGNT OF WORK. (Caleulate the
work on the overhead projector using the acetate with the formula for power
written on it for the next two items.) THIS IS THE AMOUNT OF WORK REGARDLESS
OF BEOW LONG IT TOOK 70 DO THE WORK. (Discussion) NOW s DIVIDE BY THE TIME
AND WE HAVE DETERMINED THE POWER. (Discussion) "BUT WHAT IF IT HAD TAKEN
FOUR SECONDS T0 LIFT THE SACK OF SUGAR? HOW MUCH POWER WAS NEEDED?
(Discussion) Flay the 'would you believe' game soliciting problems from the
class.,

HOW MUCH POWER DO YOU HAVE? (Discussion) LET'S FIUD OUT BY RUNNING UP
SOME STAIRS. ~ |
Pass out A-ll.
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A-10

STAIRS AND WCRK

Materials for the class:

1. Bethroom scales
2. Tape measure

Length of ‘
Inclined plane ' 2t

feet / —

/
/
7
4
Floox Y R

The sbove drawing is a disgram of some stairs. In this activity, you
are to find out how imch effort you exert when climbing stairs. It would
be very difficult to measure the effort force needed to climd the stairs
wth a spring balance, So, 1zt's do it snother way.

You will need %o know the weight cf the object to be moved, in this
case yourself, and the height you are to move. Remember, the weight of
the object times the height equals the amount of work.So, let's determine
vhe smount of work needed to climb the stairs. First, we will all go to
the stairs as directed by your instructor. Fach group will be assigned a
nunber. . "

1. Group 1 measure the height of the stairs. Group 2 also measure the

height of the stairs to see if Group 1 measured them correctly.

2, Group 3 will record the data for all messurements.

3, Group U measures the length of the plame from the floor to the

top step. Group 5 will also measure the plane to check on Group L,

4, Group 6 will supply a rumner o run up the inclined plane (stairs).

The unmer will need to weigh bimself on bathroom scales when he
returns to the classroom. Group T should also have a runner,

5. Groups 8, 9 and 10 will be asdvisors., If any problems arise, these

’ groups will solve them, '




A - 11

TEACHER DIRECTION
HUMAN PCWER

The students are to use the saime staiprs for this activity as in A-10.
Students should be instructed in stup watch procedures for timing. Give
the students numbers representing the height and the length of the plane
to write in on their drawing. Each student is to determine khis own power
which will require each stuGent to weigh nimself. Caution students gbovt
running up stairs too fast. Amswer all questions, then proceed to the
stairs where each group will run up the stairs in a predetermined crder.
Use descretion in excusing students due to individuval personalities., These
can be given associated jobs.

After completion of the activity return to the classroom for a class
discussion of calculations. Have students who can, calculate his power
prior to the class discussion. You can reianfcrce the calculstion in the
large group discussion. & few calculations of individual horsepower will
be interesting, but the methematics is too difficult for most of the
students to perform alone., Preuesd to the next activity in a short time.

Topic 4 - The application of horsepower as the basic unit of power.

TEACHER DIEECTION A -12
. HOW HORSEPOWER BECAME HCRSEPOWER

The reading assigmment is designed tec develop interest in measuring
aorsepower. The words accomplish, calculate, transportation, device,
centuries, Clydesdale horse (Budweiser's horses are this species), and
strength should be explained before the reading a.signment is passed out.

The calculations on the second page of A-12 can be dilscussed per ¢«
or may be calculated on the overhead.prcjector. It is recommended that the
calculation not be made unless requested by the students. The calculation
is as icllows:

2.5 x 5280 x 150 :
Horsepower = 3630 % 550 = 10,1

The gbove calculation ls besed on 2.5 mi/hr s 5,280 ft/mi s 150 pounds of
foree {100 pounds effort force plus 50 pouwnds friction force) and 3,600
seconds per hour. Do not 4o the actual calculation until the students have
read the agsignment and then only if reguesi=d.

¥

Pass out both pages of A-12.
TEACHER DIRECTION A - 13
HORSEPOWER TODPAY

Tt is doubtful that the students will understend the calculation of
horsepower, but with discuszion and lesding questions the teacher cen promote
some critical thinking and application., Attempt to get the studenis to
relate this activity to their environment.




TASA AN

A -1l
HUMAN POWER
Materials for groups of three:

1. Stop-watch

2. Ruler

Height
feet

Each student is to determine his own power. While one is running up
the stairs, another member of the group is to use the stop-watch to time
the runner. The third member is to stand at the top of the stairs to

signal GO and STCP.

RESISTANCE WORK
weight of runner § foot-pounds

- Distance times Resistance = Work

' POWER
WORK TIME
§  (from above) seconds - foob-pounds

~ Work divided by Time

Power

Are you a very powerful machine?




A-11

Calc ulation of Fffort

’ BTG ' RESTSTANCE I WORK '

Weight of runner foot-pounds

Distance times Resistance = Work

WORK | LENGTH OF PIANE | EFFORT FORCE
(from above) feet ~§ pounds

work divided by Iength = Effort force

l foot-pounds

After compieting the above table with your imstructor,. find out how
much effort force is needed for one member of youxr group to climb the stairs.
You should. work together as a group on this problem. There should be three

ST e S AT AR ATy TR 2 SabaY i fa e gth dig ls Mob i N etV g \
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pevple in each group.

HEIGRI‘ OF RESISTANCE WORK
Weight of ruanner foot-pounds

Work

Distence  times _ Resistance

WORK LENGTHE OF FLANE ORI' F’ORCE
(from above) teet pounas

work. divided by = Effort force
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HOW HORSE POWER BECAME HORSEPOWER
Tt seems strange that in our age of jet planes and fastv automobiles
that scientists still measure power the same way they did during the pericd .
when horses were the main means of transportation. . The history of horse-
powér is en intercsting story. The real etory could be called "How Horse
Pder Recane Horgepower" in our world of progress and change.

Man first used simple machines to lift objects by using his own muscles

to provide the force needed, but this would not alloﬁ him to accomplish all

he wanted to accomplish. The wheel, levezjs, pulleys, as well as any other
device he could think of were used, but still man was 1imited to his om
energy. One day a wan had an ldea about his friendly animal standing next to
him. The idea was tc use the animal's strength along with his ownj o animsal
power came into being. Through time man realized the horse was a fine 1
animel to produce the force needed to accomplish the work. Many centurles

end many hours of work were sPt;nt by men and horses In the history of man.

The good horse mey have been "man's best friend." for a long time, but now

men's -best friend msy be a motor or :an engine because the horse cannot

compete with the modern day machines. ‘

PR RN AT R RTINS T

The beginning of man's use of fuel to develop power hss & long and

[Redas (4

interesting history. An important event was the substitutionc¢ Mr. James

b2 L Lot

Watt's mechanical steam engflﬁe to replece the faithful old norse. Mr. Watt

was a Scottish engineer who lived from 1736 to 1819, Fe reslized that steean

engines were more powerful than <he horse and tried to get cosl mirers to

BRI TS 2 M AR I RO Bt g v

use the engine instead of horses to 11if% heavy buckets of coal and other

'*. objects. ‘The men to whom Mr. Watt wanted to sell the engines were inmterested

VNI

in knowing how many horses the machine would roplace. To answer thiz guestion

S TNt 3 -
i 2

Mr. Watt started a scientific investigation to £ind ous.
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STUDENT ' - A =12
Page 2

Mr, Watt observed two importent factors. The first was that man
became tired very quickly and therefore could not voxk at a steady pace.
The second oObgervation was that ‘noésés worzed tirziessly at a steady
pace for long periods of time. He decided to compare his steam engine to
horses. Mr. Watt used a Clydesdale horse to walk round and round a wheel
which was used to raise a 100 pound weight out of & deep well. He found ’
that 8 horse could work over & longs lenghh of time at a speed of sbout
2 1/2 miles per hour while lifting the weight, The friction of the wheel
was 50 pounds, so the horse was really lifting 1CO pounds piug cwercoming
the friction of 50 pounds, or altogether 150 pounds. Mr. Watt Zpew that
‘the pm;aer was equal to the number of feet moved times the weight divided
by the time. The power of the horse was determined to be 550 foot-pounds
per second, or 33,000 foot-pounds per minute. Sc Mr. Wett said, aend
agveryone agreed, that the power of one horse will not be called horse
power, but HORSEPOWER, and that 1 horsepower will equzl 550 foot-pounds
per second. The term horsepower is still used today as you know, and
it really means "hbrse power". In other words, if your. car hag a 360
horsepower.engihe, it is the same pover as 360 horses'under the hood
if you use Clydesdale horses as Mr. Watt did. Do you krow why it must

IR T
Y Kg:_.,‘r—\s

be Clydesdale horses?




Teacher direction A-1% {Continued)

The reference for the drawings is Brown and Schwachtgen, Physics:
The Story of Energy, Heath end Company, Boston, 1954, pp 178-79. The
Pormila for the calculation of horsepower for the =lectric motor is:

Force times the Distance Scircumferencel
Horsepower . = Jecopds for 1 turn times 550

= 275 pounds times 2 Feet 550
1. second times 550 - 550

= 1 horsepower

The distance around the wheel can be neasured with a tape measure O
ruler or it can be calculated. T+ is recommended that measuring be stressed
and not the calculation of the circumference. Perform the calculetions only
if the students show adeguate interest. 22

: (C = T D)

The steam engine should be placed on the teacher's desk one day prior
to pessing out A-13 to create interest. The students will waat to play with
the steam engine. Answer all questions asked, but do not start the engine

until after the stndents reed A-13.

After discussing A-17 calculate the horsepower of the ste~m engine as
discussed in the reading. TJse 8 spring balance to determine the effort
force. Measure the clrcunference of the wheel, and detcemine the time with
a stop watch. This msy be done as a class project or in groups, but let
the students use the steam engine only after a procedure has been developed
in the class discussior. It is important thet the students be allovwed to
sge the steem engine, but under direct supervision of the teacher.

All of A-13 should be read with the gtudents aloud after the students
heve read it silently. The studenis ‘ghould follow tne reading while the
teacher reads aloud. Explain each step and sentence. Encourige discussion
at all times.

After completion of the activity, if the students wish to bring &.
bicycle into the classroom Or bring motors from home for desermination of
yorsepower, encourage it. For the bicycle, about 1/ of the student's
weight will be the effort force. (The tire on the bicycle wheel moves about

b times &5 far as the feet do on the pedals. So the tire would push backwards

with & Porce only 1/k as great as the weight of the rider. The mechanical
advantage of the combined machines in the dleycle is one-fourth.) The
distance will be the circumference of the resr wheel, and the time will be
the nurber of seconds 1t takes the student to go the distence of the

circumfersnce of the rear wheel. It will be necessary to go outside for this

activity. The distance can be marked off by using chalk and then timing
the student riding the bicycle. This activity will permid extensive
inGividual investigetions. Encourage this aud pursue all avenues of
investigations that are suggested and reasounsble.

Psss out A-l3.

T L T
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A-~13
HORSEPOWER TODAY

We have advanced from the period of using horses to jet englines
and rockets. The term horsepower remains the same, however, and science
has found no need to change it. Of course, the methodts of testing horse-
power varies. For example, would you test for horsepover of a Jet engine
the same way you would test for horsepower of an electric motor? No sir,
you would not! How would you test for horsepower of s man? Mr. Vatt
a1a this and found an average man to be about one tenth (1/10) of a

horsepowar.
The electric motor has a wheel on the end. One way to test for the

horsepover 18 as indicated in the drawing.

Try to figure out ‘how’ you could determine the horsepower. of the
motor in the diagran aborve. The facts to remexber are:

1. The effort force is measured in pounds with a& spring balance.

2. The distance traveled will Lave to be determined from the wheel

' on the motor by measuring the distarcs around of the wheel.

3, Time is the number of seconds needed for the wheel o muke one

complete revolution. -
L, One horsepower equals 550 foot-pounds per second.

5.. The fcrammla for determining horsepower is:
Force times dlstance

‘ Horaepover.= g cords tines 550




STUDENT A-13
Page 2

Another way to determine the horsepower of sn engine is to use a
"Phony brake." Look at the drawing below and see if you cen figure out
how 1t works.

A ‘Jet engine is something else. Tt d@oes not have & whesl that turns,
but e strong thrust irom the rear of the engine. Could you measure tlls
thrust by placing a set of scales similar to the bathroom scales behind the
jet engine to determine the force? Yes sir, you sure could! The distance
end.tine the jet would move would give you all the information needed to
determine the horsepower of the Jet.

Some of the ways of determining horsepower are listed above. on the
previous peges. If you will ask your imstructor to show you the steam
engine, you mey be able to determine its horsepover. If you have an
electric motor at home or could borrow one ,' you could also cslculate its
horsepower, ' '

It seems odd that even in our age of atomic reactors and supersoaic
Jets, the power of a Clydesdale horse is still me 6’: the most duportant
measurements of scienge.
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UNIT 3 THE PULLEY
TEACHER RESOURCE

The apparatus to be used in thils unit will be found in Harcourt,
Brace, and World; "Classroom Laboratory 6", Blue Draver. DNote that a
single fixed pulley is to pe mounted in the lower right corner of the
hardboard. This pulley wiil be used for ease of measurement. The spring
balance must be surported in an uvpright position for all measurements.
Otherwise, the welght of the spring balance will be included in the
reading.

The term "single fixed pulley" refers to the case vhere only one pulley
rotates about a shaft which is fixed or anchored in place, thet is, the
shaft is not free to move. Using more then one single fixed pulley only
changes the direction the effort force must be exerted. The term 'single
movéable pulley" refers to the case where the shaft is free to move in
some direction withouit reference to rotation. The use of more than one
single mmr;éable puiley will not be investigated.

The pulley wiil be lnvestigabed with reference to mechanical advantage.
The mechsaical advantage of & single fixed pulley is 1. There will be no
gain in force or speed. The product of mechanicel advanbage and effort
force will be the weigtt of the lead, or rasistance force. One times any
number gives the nuwber. Therefore, in the case of the single fixed pulley,
the resistance foree will equal the effort force.

The mechsnicsl adventege of the single movdatle pulley is 2. This can
be determined by the formula :

Resistance fore=, or load
Effort force

b;is 4"‘&0 =

OR
Distance efTort force moves

Mo ¢L . = ) -
Distance resistance {load) moves

Mechanical advantage can also be deterwined by counting the number of
supporting ropes. If the eifort force is belng exerted in the direction
that the load moves, it should be counted as a supporting rope. I it
moves in the opposite directien then it should not be counted. Refexr to
the diagram on page 1l.

Topic 1 - The single fixed pulley hes a mechanical ad.vén!:age of 1 and
chenges direction only. The single movgable pulley has g
mechanical advantage of 2 aund does not change direction.

The initial discussion of puileys should. introduce and define the
pulley. The students probably have seen many pulleys before in the form
of a block and tackle cn boats or as a single pulley on a flag pole.
Considerable time for assenbly of apparatus and completion of the actlvity
will be required for the students have not used the epparatus before, Use
your Judgement in determining whether the actual experimentation shoutd
proceed on the same day as the initial discussion. Use an ssserbled model
along with a prepared acctate as a demonstration. .




HOW MANY OF YOU FAVE EVER SHEN ROOFERS SPREADING TAR ON A ROOF?
(Discussion) HOW DID THEY GET THE TAR FROM THE GROUND TO TEE YCP OF THE
RO0O¥? (The pulley will probably b2 mentionca. If not, ssk sbout gatting
water out of & well, or how a crane operates.) YOU HAVE SAID THAT 4
PULLEY IS USED IN LIFTING SOMETEING. LET'S DRAW A PULLEY, Imstruct the
students to draw a simple pulley on & piece cf paper. DPernaps some
student can prepare an scetate for you, or show the acetate or draw a
picture of a pulley ocn the overhead projector. Pointing at the wheel on
the drawing, LET'S CALL THIS A WHEEL. Then pointing at the axle, LET'S
CAIL THIS AN AXLE. S0, A PULLEY IS A WHEEL THAT WILL TURN ON AN AXLE.
Discussion. This definition will open meny ereas of discussion; accept
all answers that meet the criteria. A pulley does not have to be a
laboratory apparatus, but a machine.

This is a good time to stop if time is running chort. If time did
run out, a review of the puiley and its definiticn veing an assembled
model should t= presentzd before continuing.

OUR ROOF DOESH'T NEED REPATRING AND WE DON'T HAVE A CRANE TO WORK
WITH, BUT WE DO HAVE SOME SMALL PULLEYS TRAT WE CAN MAKE MODELS WITH TO
INVESTIGATE AND FIND OUT HOW THEY WORK. S0, LET'S GO TO WORK.

Pass out the first page of A-1k,
TEACHER DIRECTION A -1k

THE SINGLE FIXED PULLEY

Materials for groups of thres: (HBW, Science Kit €, Blue drawer)

1. 1 hardbcasrd T. 2 nuts

2. 2 slotted hurdboard supports 8. 2 wing nuts

3. 1 plastic tube : 9. 1 lead weight

k., 2 pulley wheels . -10. 1 cord, 36 inches long
5.. 2 bolts, 1 1/2 inches long 1l. 1 spring balance

6. 2 brass spacers

Instruct the students to set up the apparatus as shown in the diagram
on thelr activity sheet {oilowing the directions below the plcture. The’
teacher should circulate smong the groups offering assistance where needed
or requested. The students are not to begin the actual experimentation
-until all have assembled their apparatus and the procedure discussed.

After all have assembled thelr apparatus, pass out the second pege of
A-1k, Place a prepared acetate on the projecior.
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Teacher directice A - 1k (continued)

FIRST, LET'S WEIGH THE LEAD WEIGHT ON THE SPRING BALANCE AS SHOWN IN
THE FIRST DIAGRAM. BOW MUCH DOES IT WEIGH? (Pause) RECORD THIS WEIGHT
TN TUE BLANK BESIDE THE PICTURE. ‘

NOW, LOOP {THE STRING OVER THE PULLEY AS SHOWN IN THE SECOND DIAGRAM
AND RECORD THE WEICHT FROM THE SPRING BALANCE. (Pause). YOU WILL HAVE T
STAND UP-SIDE-DOWN TO KEAD THE SCALE. IS IT MORE OR LESS THAN THE WEIGHT

OF THE LEAD WEIGHT? More.

'vou will need to remind the students that they are to take the readings
while gradually pulling on the string. The movement of the lead welght
should be a smootnh und & constent rate. ,

NOW, LOOP THE STRING AROUND THE BOTTOM RULLEY AS SHOWN IN THE TI-IIB'D |
DIAGRAM. GRADUZTLY LIFT THE SPRING BALANCE AND READ THE WEIGHT WHILE THE
LEAD WEIGHT IS MOVING UP. (Pause) NOW, GRADUAILY LOWER THE SPRING BALANCE
AND TEAD THE WEIGH? WHILE THE LEAD WEIGHT IS MOVING DOWN. (Pause) WHAT IS
G315 WEIGRT? WHAT DOES THE SCALE READ HALF WAY BETWEEN THE UP AND DOWN »
wiiHT? (Pause) RECORD TAIS WEIGH? IN THE BLANK BESIDE THE THIRD ]

] DIAGRAM. Explain to the students that this prccedure is necessary to

5 eliminate the error due to friction. Only the averasge weight is used.
HOIDING THE PALANCE UP-SIDE-DOWN BY THE HOOK, READ THE SCALE: HOW
MUCE DOES THE SPRING BALANCE WEIGH? (Pause) RECORD THIS WEIGHT BESIDE °

L

THE FOURTH DIAGRAM,
Trz stvdents should keep the apparatus in front of them while discussmg

1 the results. HOW MUCH DOES THE LEAD WETGHT WEIGH? (Discussion) HOW MUCH
" IS TTS AVERAGE WEIGHT IN THE THIRD CASE AS SHOWN ‘IN THE THIRD DIAGRAMZ
(Discussion) IT WEICHS ABOUT THE SAME, DOESK'T IT? THE PULLEY DOESN'T
WELP US MICH THAN, ACCORDING TO THIS DATA. (Discussion) HOW MUCH DOES
[1% TEAD WEIGHT WELCH IN THE SECOND CASE WHERE YOU HAD TO READ THE BALANCE
Uz -SIDR~-DOWN? (Discussion) BOW MUCH DDES THE SPRING BALANCE WEIGH? Pause.
c_. Welght recorded in the last -disgrem. IF YOU SUBTRACT THE WEIGHT OF THE

g SPRING BALANCE FROM THE WEIGHT YOU RECORDED-IN THE SECOND DIAGRAM WHEN

; 10U LOOPED THE STRING OVER ONLY ONE PULLEY, HOW.MUCH DID IT WELGH?
(Discussion). HOW DOES THIS COMPARE WITH THE WEIGHT OF THE LEAD WEIGHT?
€)  (Discussion). HOW DOBS THIS COMPARE WITH THE WEIGHT YOU RECORDED WHEN YOU
: USED BOTH PULLEYS? (Discussion) THE WEIGHTS ARE ABOUT THE SAME. THE

DIFFERENCE IS SO SMALL THAT WE CAN BIAME IT ON FRICTION. (Discussion).




5l
Peacher direction  A-1k (cortinued)

SO WE SEE THAT A FIXED PULLEY ONLY CHANGES DIRECTION. WE MUST PULL
ON THE ROPE IN ANOTHER DIRECTION THAN THE RESISTANCE MOVES. HOW DO VE
USE THIS MACHTME TC HELP US DO WORK? (Discussion). The teacher should
emphasize the point that the single fixed pulley only changes direction
and. does not gain speed or force.

Instruct the students to disassemble the apparatus and return it to
its proper place.
TEACHER DIRECTION A-15

MOVABLE PULLEYS

Materials for groups of three:

1. 1 hardboard 8. 3 brass spacers

n. 2 glotted bardboard supports 9., 3 nuts

3. -1 plastic tube 10. 3 wing nuts

h. 1 pulley block 11. 2llead weight

5. 2 pulley wheels 12. 1 cord, 42 inches long
o 6. 3 bolts, 1 1/2 inches long 13. 1 spring balence
s,; T- 1 hook

A review of A-1l should be presented using an assembled apparatus
emphasizing that the fixed pulley only changes the direction the effort
force must be exerted.. No gain in speed or force is realized. Also point
out that the distance the resistance force had to movewas equal to the
distance the effort force moved, therefore, no gain in distance.

Pass out the first page of A-15.

Ingtruct the students to set wp ‘the. spparatus as shown in the diagram
on their activity sheet. This is similar to the previous exercisé and should
not teke long. A quick tour through the room will reveal any difficulties.
After all have assembled their apparstus, pass out page 2 of the activity
for the actual experimentation. Place the prepared acetate on the projector.
THE FIRST TWO PARTS OF THIS ACTIVITY WILL BE THE SAME AS THEY WERE IN
THE TAST ACTIVITY. LOOK AT THE FIRST DIAGRAM Ol YOUR PAPER., WHAT IS THE
WEIGH? OF THE LEAD WEIGHT? (Pause) IS [T THE SAME AS IT WAS THE LAST
PIME? (A-14) RECORD THIS WEIGHT IN THE BLANK BESIDE THE DIAGRAM. (Pause)
Record the weignt on the acetate. : o
NOW LOOK AT THE SECOND DIAGRAM WHERE THE STRING IS LOOPED AROUND THE
w FIXED PULLEYS AT THE TOP AND BOPTOM OF THE HARDBOARD. (Indicate on the
acetate) WHAT IS THE WEIGHT OF THE LEAD WEIGHT IN THIS CASE? REMEMBER,
YOU HAVE TO MOVE THE WEIGHT UP AND DOWN AND RECORD THE READING IN THE MIDDLE
OF THESE TWO READINGS. Pause., IS THE WEIGHT THE SAME AS IT WAS BEFORE? (Pau:

iRjc  Discussion should reinforce the ides that there is no gain in effort.

Aruitoxt provided by Eic:




SVUDERT A - 1k
THE SINCLE FIXZD PULLEY

/ PLLLEY

Materials for groups of three:

BT ETe (O AR g NV REAR TERS

1. 1 hardbosrd T. & nues
o. 2 glosted hardboard supports 8. .2 wing nuts
3, 1 plastic tuke . 9. 1 le=d weight
10. 1 cord, 36 inches long

k., 2 pulley wheels
: 5. .2 bolts, 1 1/2 inches long 11, 1 spring balance

( 6., 2 brags Spacers

Y Assemble your epparatus as shown in the diagrams sbove. The hardboard
will need to be pleced on the edge of vour desk and a couple of beoks pleced
oa the supports bekind tie hoari for added support, The nus next to the
spacer should be looce enougk so that the pulley wheel will turn freely but
not wobble. ¥ollow your instructor's instructions. When everyone has

finisied, you will recelve another sheet of paper to complete the experiment.
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MAVABLE PULLTEYS

Materials for groups of taree:

hardioard
oted hardboard supperts

FA

8, 7% brass spacers
% .

5 9. 3% nuts

plestic tubez 10. 5 wing nuw

1 puliey block 11, 1 iecad welght

: pulley wicels 12, 1 cord, o inkee long

6, % bolta, 1 1/2 inchss long 1%, 1 spring valence

book
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r
: t
i Set up your apparaeius the samn a8 you «id in the lash ackivivy.
3 : Refur £O the diagram 2bove. Ateer completion, your ingtructor will givé

you the second page of the activity for experinentabion.




~have béen quite different Prom wbat most people expected. The activity

_= ge:mt accept the experiventzl data.

A - 17

SURFACE AREA AYD FRIUITON

Materials for groups of three:

3. 1 rubber band
2. . I spring balsnce . .
3.~ 1 plece of wood ’

Scientists have rany ideas ebout fz'iction, and their observeiions

that foliows will show sometuing that seems rzther strange at- first, but

- Attach-one end of the ritber band to the mali on the- block of vood
and the otker end of the rubber tend to the spring balamc: as. shown n
the diagran-pelow.

. The block is 0 bz moved by puiling wrery slovly on the 5pring
'be.lance until it etaris to move. Ore student is %o pull the spring

) baiance. Ope studsnt &8 to reaa the baiance. One atue.ent is Lo record.
the deta. - Record ell obsemtione in the table on the next page. ALl
students must .complete the tsble,
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TEACHER DIRECTION - A =37
) ; SURFACE ARVA AND FRIOTION

Fach group is to pill e block of weod along a flat surface by meuns
of a spring balsnce copnected to the block with a rubber bani. tescher
E shouid demonstrate the; procedure and stress the imporiance of exerting the
: force slowly and 8 1y to obtain accurate results. The Joree required
to initiat=s movement 11 be greater than the force needed to mmintain 2

consttmt speed. _ : -

o~

Students ar® vo take turns ss an observer to read the balanmce. Fach
 student will record observers' ﬁndinga.

After the stu&enta zoxplete 'l:hp activity, return to a class situation
to interpret the data.| :Using a prepsred acetate, discuss the findings. The
important point to stress ls that surface area 1is. not important, but ratker
something else. Do not tell the gstudents what the significant facnors are

sBecause they will disepver them in the next activity.

"4' WEAT IS THE mml OF THE BLOCK OF WOOD? A1l blocks should weigh
approximte}y the sameg. Write %he weight suggested by the 87 udentb mﬂe;-
both drawings of the n’ock. LET'S CONSIDER THE BLOCK WHEN IT vas' tvlgg
OK TI9 BROAD SIDE. msmmsmommmmmmmvz
D * (Becord the answers onl the acetate.) WHAT WAS THE FORCE REQUIFED TO MAINTATN
A STRADY SPEED? (Discussion} ' : . '
NoW, LET'S CONSIDER THE BLOCK WHEW IT st vmn on FIS TWARROW SIDE. WEAT
TS. THE FORCE REQUIRED [P0 START THE ELOCK MOVING? Stress the relation of
Jrface area between the two dravings on the acetate and record the finding
as before. Some acting will be necessayy. WHAT IS THE PORCE REQUIRED TO
MATYTATN A CONSTART ? Stress the relationship of the torces and the
surface area,. WBAT DJ THESE KESULTS SHOW The force of friction does not
depend on the surface javes. The sierting friction is greater than sliding
friction. o .
TP YOU INCREASED JHE WELGEY OF THE CETECT TO BE MOVED, WOULD THE FXICTION
ECIEASEY Yes. (Di.sc sion) - A factor that wast be considered in testing is
+0 meintain the same urfaces and vary the weight. Develop the procedure for

A-18 in this discussiqy

-

TPACHER DIRECTION  , - A ~18
’ ! WEIGHT AND FRICTION

. Materials for grb'aps 41" three:

1. 1 rubber bandi

. 2. 1 spring ba
y 3. 2 wood blocks

i

{




b Moy

Materials for groups of three:

thatitl
-

. ve ‘'mast accept the experimentsl data.

A-17
SURFACE AREA AYD FRTUITON
3. 1 rubber vard

2. . }. spring balance : .
3. * 1 plece-of wood ' .

Scientists have many ideas sbout reiction, and their obsem’cions
have been quite different from what most people expected. The sctivity
that folfows will show sometling that seems rzther strange at- f:.rst, but

 Mtachvone end of the miber band to the nati o the block of w00l
and 4he other end of the rubber tend to the spring balance? as. sbhown in

the disgram -_below.

. The block is to be noved: by puiling very slowly on the spring
‘balance until it etaris to move. Ore student is to pull the spring
balance. Ope stugent is to reaa the baiance. One student is o record

the da.ta. Record ell obsemtions in the table on the next page. All
stud.ents must complete the tsble,




. srupend A - 17

Data on Friction

Force required
tc maintain a
constant speed

Force required
. 0 start the
block moving

Yos I:l'.ion Weight
ot
Block

—#——*-
——-
— T e

WM*W#.M—» -

R I LT

I R i N

It vas believed for a long time that the force of friction
depended on the surfece area. DO your resultis support this statement
that the surface area 1s important? .

Aruitoxt provided by Eic:
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66
Teacher direction A - 18 (continued)

The procedure for A-18 ic identical to the procedure used in A-17.
The only changes are verlations in weigbt. Iet the students pursue the
activity withcut detalled explanations. Encourage the students to read
the directions very closely.

After the completion of the activity, discuss the results., Use the
same prapared acetate ae used in A-17. Draw a second block over the singie
blodk drawn on the acetate in s different color, then record the data
obtained on the acetate. Soliclt results from the class following the
same procedure used in A-17. Stress that weight is a factor in friction, not
surface arca,

The students are to meke drawings. Stress thought rather than artistic
ability. The tescher should ascure student understauding before the studzntr
begin drawing. Assure this understanding in small group diccussion, not by
class discussion. CJompliment the students whenever possible. It is suggestc
the preparesd acetate used in A-17 be placed on the overhead projector to de

_used as reference if needed.

- After the studentes complote the drawings, irstruct them to disasseubie

their apparatus and return for a class discussion. If some of the students

show an interest in drawing, have them prepare sr acetate to dewonsirate
before the class.

The discussion to this pcint bhas only considered th° friction involved
ir hard flat surfaces. It should be recalled at this point that weight is

‘significant, But eurface area is not an important factor when hard flat
surfeces are used.

'.l'op:lc 2 - ‘I'he force of frictior depends on the type of aurfaces involved.

. The following activiiies are to Investigate forces of friction om .
surfaces that aie not smooth. The students will prcbabiy already know the
factors involved when surfaces are not smooth or hard, dbut they can meke-

a quantitative investigntion. Enccurage individusl investigations and -
permit all reascoable requests to imvestigete suggested possibilities.

WE BAVE .SROWN THAT THE SURFACE AREA IS NOT IMPORTANT WHEN OBJECTS WITH
HARD FLAT SURFACES ARE MOVED OVER OTHER HRED FLAT SURFACES. THE IMPORTANT
FACTOR IS THE WEIGHT., LET'S NOW CONSIDER A CONDITION WHEN THE SUHFACE IS
NOT HARD OR SMOOTH. PLACE ONE HARD ON TOP OF THE OTHER HAND SO THAT THE
PAIMS ARE TOGETHER. (Demonstrate) NOW, WITHOUT EXERTING PRESSURE, START
mmmmm FORTH OVER FACE OTHER., NOW, GRADUALLY EXERT
MEGRE PRESSURE UNTIL YU CANNOT MOVE YOUR HANDS AT ALL. WHAT IS THE
IMPORTANT FACTOR, WEIGET OR SURPACE ARFA? (Both are important.) Accept
all answers and list the rcmaxks on the overhead projector. Since the
surface ares rcmained the same, weight again is a significant factor.




Teacker Directicn
NOW, INTERLOCK ¥ W FINGYRS WHILE ¥(LDING TOUR HANGS STRAIGHT.
D HOID YOUR HANDS CHIT FIGH AN TRY s DIIE, THEM APARE. AN YOU PULL YOUR
PINCSTRS APAET TP YOU EXRT ALD msr PRYSSUR. YOU CGAN?  NOUW THTRRLCCK YOUR
PTNCERS WITH YOUR NETLGLOR'S FLNGERS AND SRR WIICH ORY OF YOI CAW FREVENE
BAND AWAY, Insiruct the students to remain in

MITSES GAY, A

THE OTHER FRON PULLINC EIS
+heir seats. Otherwise it mey become wonz arcable,  SUIENTLSES .
FONETHRR AND INTERLOCKING RESULIS.

WEIGHE FORCES TWO OBJECTS CLOSER Tkl
THEREFORE, THE FRICTLON INCREASHFS, D0 YGU AGREE WItH THIS STATFMENT?
[Discussion) Accept all answers.

e

Tat a lubricsnt prevenis objects from cowing in corbact with cach other.

undsr copsideration is anothex

pay B8

Taik cicante will probably e mentioned,

The degree of attraction of the suriaces
impartant factor thet way arise. An crampie Of attraction is glue; It mEy
stick on some objects and not gtick on otherse.

LET'S INVESTIGATE SEVERAL DIPFERENT KINDS OF SUBSTARCES TO DETERMINT
THE FORCE OF PRICTICH AND THEN COMPARE THE FRESUIIS.

Psss out sheet A - 1G.

vy
)

t

N

»

TRACHFR DIRECTION !
D THE FORCE OF FRICTICH DEPENDS OF THE $YPE OF SURFRCE

(zBW - Science Kit €, Investigation 21,

Materials for groups of three:
tlue drawer)

i, Spring halance i, Pruck
o, Blue iricticn board 5. Rubber band
3, Yellow friction board : 6. Iead weight

The students sre Lo proceed on their aine. Instruct them to Tollow
the directions and record all results in the tables.

After completing the achivity reassenble for a clsss discussion.
Using the preparad acetate, discuss the #tpdings. Cowplete the vable before
answering the guestions at the end of the activity. If students have
questions concerning the activity, explain that thz toble aust be compieted
sipst in order to obbtain the necessariy data to drasw conclusions, During
discussion of the tabie stress the poind that the forces of friction in
rolling friction are less than in sliding Tricticn. When sliding friction
alternately sticks and siips, it may bo called atick-siip friction. Stick-
slip friction is (zenerally) greater than other sliding fristion because of
the rough surfaces.

After completing the tables,

drawings on ar acetate %O illustrabe answers.

O formilate statements to be used in writing an
on this scetate along with tho aragwings.

iseuss the questions using free hand
Ask the students to help
cutiine of the conclusions
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STUDEKY

WETGHL ARD PRICTTION

P e, oS oa S d=fe wpnin e
Materiols for grous 21 oLhres:
1, 1 mbter band Ye
S T T e ome < —~
2. i »pring balarce

How does weight effect friction on a hard

Jatf Fe
12.8%

2 pieces of weod

surface? If by

increasing the weight, the forec of friction changes, then you could prove

that weight is ean imporiant facior effecting fricticn.

The procedure ior this activity is the same 3 A ~ 17. Remember you .
are to work as a group. One student is To pull tThe spring palance, One
student is to read thc balance., One student is Lo vecord the data.
Complete the tatle below.

Data on the Efvect of Increassd Weight on Frictlon
- ) 1 p s -l
Ohserver Position Number Foree requived | Force reguired
of of to start the | to maintein a
Number Rlesk Blocks . block moving ccusiant speed
L R
Wide side 1
1 . ” py
Vide side 2
Narrow side 1
2
Narrow side 2
SRS e
L et d "y
Wide side 2
3
Narrow side 3
AR

Make a drawing of the apparatus and label

drawirgs the effort force observed above the spring balunce.

the parus,

Write on the :,
This will '

require four drawings. Your drawings shonléd show a noint, so first determine
what you are showing, then arrange your drawings to best show your point,
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A - 19 (coptisued)

Teacher direciion
Below arc examples of erawings e bhe ckotehud ab the most opportune

Limes

g“

otwyeen hard surfaces does not
vhegls

Priction b
ns regarding the use of large wn¢

Heying made the point that 17

{5
depend. on the surface ared, raise yues
or on road building nachinexye.

4
or a caterpiliar tread on form tractors
v, than would be the 2nsSE if the

These tractors pull horder on loose zoxih
he earth were leds. Tf questions arise

surfuce area betwesn the wheels and b
+that can be demonstrated, allow the siudents o demenstrate the point in

gquestion.

!
-

TR TR S LT CARTE TR
" A T TR TR T TR T R TR S e L

After completing the guestions, play the “Wouzld you balieve” game.

LA

ATTRCMOBILE HAS BOTH ROLLING FRICTION

friceion in the ball hearings

I R X

JOULL YOU BELIEVE, A WHEED ON AN

; AND SLIDING FRICTION? Yes. Tt has rolliing
as rolling on the highway. Siiding Ppiction is what makes the

autonchile move.

WOULL: YOU BELIEVE THAT A SGTRAKY DOUK =
sn nlternshe sticking end slipping,

E as well
- Te AN EXAMPLE OF 3I1P-STICK

FRICTION? TYes, The noise is due to
iabrication mekes the friction a

imes called stick-slip friction.
by introduvcing other

somet

continucus sliding friction supstances that slide

I A

more easily.
WOUID YOU BELIEVE, THAT OTL OK 2 GNUEAKY DOOR WORKS BECAUSE THE 013

‘ PROVIDES NE# SURFACES AND T 7 THE NEW SURFACES YAVE LESS FRICTICN THAN
‘ THE DEY HIiLGES OR TUE SQUEAKY DOOR?  Tes. The ivhricated surfoces have
| jcss abtrachtion. The 1nbrication could be &n oil or graphite, both serve

i the sSume Purpose.

mopie % - Heat 1s produced by fricvion. Tabricants reduce friction,
heat, and the effort force.

The relation of {yriction and heat can best be explained tecinicaliy by
o and molecules prevents

the molecular theory, but the abstraction of atom
The initial spproach to thils

the introduction of nolecular explanations.
topic is to provide an introduciion to the unit on heat. ToO nasure heat due
to friction alone is difricvlt and complicabed. Thercfore, the activities

must be limited.

N
3
;
b
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STUNENT A-19

TYPF, OF SURFACE AND FRICTIOR

Materials for groups of three:
., ‘Truck

1. Spring halance
2. Blue friction ‘boaxd 5. Rubber band

3, Yellow friction board 6. L ounce weight

n is a force thet opposes the effort force. This makes friction

Frictio
yhen trying to wmove Ob

ton in meny different ways.

iects from one place 1o

g very jmportant factor
some of the

Scientists classify frict

snother.
juportant classifications are; sliding friction where one object 1s
rolling friction vhere wheels oOr something

pulled over apother object,
ck-slip friction where en Ob

you will £ind examples of

ject seems to stick,

yound is used, and sti
Tn this activity,

all three

tnen Jerk forward.
can classify them.

of these. ©See if you
is the same as used in A - 18.

The procedure for this activity

the object to te tested.
server and read the balance

One student 1s to pull Ope student is to record

the datae. One student is to he +he Ob

accurately.
311 dats in the tables.

Record




TL

STUDENT A -19
Page 2

T the brilanec will not measuie the force, write ~cannot tell™.

Testing 1s to be porformed on a flatb table top that is smooth.

Friction on a Smooth Surface

worce required
Object Positieon to meintgin a
eonctant speed

Type of friction

Side )
Rolling + .

weight

Smooth side
down

Rough side
aown

Rough side o

yellow board

on the

Rough side of
blue board

Yellow

Friction in Toose Sand

Testing is to be performed outside in the sand..
e

Force required
Object Position to maintain a Type of friction
constant, speed

o wa —
Truck clde — . '
Rolling +

weight

Smooth side
Yellow down
friction] Rough side | '
board down. - . . _ \ PRVES
Rough side of
vellow board
on the

rough side ot
blue voard
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STUDENT A-1
Page 3

Many conclusions can be drawn from the findings you have recorded. BY
using your rosults apswer the following questions.

1, Is friction greater in sand or on & ‘table top? Tow do you know?

o, .When is friction the greotest, In s1iding friction, in rolling friction,

or in stick-slip friction? How do you kaov?

yhen the rough surface of the yellow Fpiction board i piaced on
£he rough sucface of the blue friction board, the resistance force of
Priction was very high. This nigh resistance force of friction is due to
two things: the surface of the rubber foam, and the sttraction of the
foam to stick together. 1ist three examples where rubber oOF gimilar
meterial can be used to adventage. (An exanmple would be a rubber shoe
gole replacing leather 40 prevent s1ipping.)

1.
2.

Be

Sand. is generally 1ittle round pebbles that are very hard. When you
pull sonething very 1at over the sand, it slides very easlly. The sand
in this case would be either sliding friction or rolling friction., Explain

how it could he both sliding friction and rolling friction.

1.

Koo

mrive R A AT M RN
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STUDENT A - 20

IEAT AND FRICTION

Have you ever walched a poor dver try to start very fast or
"spin-off" in sand? What nappens? Well, a whole lot happens, but one
thing that does st happen Is that the automobile does not go amywhere bub
down~-down in the sand. The wnhappy driver then gets out of the car for
a solentific investigation to correct his errors. If we were this unbappy
ariver, what could e find out? Let's try to imegine the conditions and ‘
analyze the data that can be obtained.

The first and most obvious thing is that the rear wvheels were spinning.
The friction between the tires anc the sand was not great enough to move
the car forward. Ome explamation could be that the sand graine are round
and therefore have rolling friction like the wheels. IT we recall our
experiments, we would remember that the more weight you have, the greater

the friction. Conclusion nurber one would be, if the car is to get out
it needs more weight over the driving wheels. But by this time the tires
are deeper in the sand. |

The next thing to notice would be the tires. Would the treads have
enough traction? Do rough treads have mwore traction than smocth treads?
The itreads cannot.be sltered, but what sbout the surface area? Would it
increase the friction if we let some air out of the tires? Tt would give a
broader surface and the tires would not sink into the sand as fast a8 when
it is full of air. Conclusion number two would be, let some air out, but
not enough to give you a flat tire.

The tires have alsc dug a hole into the send. The hole is the same
as an inclined plane and it takes more effort force to climb an inclined
plane than to move along a jevel surface. So, the third conclusion is,
dlg some sand out from in front of the tires.

The tires were smoking when you first got out of the car and you feel
of one of them to see if it is hot. It is hot! Why did the tire get hot?
Tt must be due to the fric'éign of the tires spimning in the sand. o
Gbviously you should walt until the tives cool. As you sit down &0 vait
you begin to think about friction snd heat. It's not really unusual that
the tires got hot., If you rub anything together it becomes hotter. ZEven
by Just rubbing your nands together they get hotver. If you rub a match
ageinst a piece of sandpaper it gets hot enmough to burn. If you rub a plece

of ice it melts faster, -It seems heat is the result of friction. .




STWDENT 4 - 20
hge 2
%, perh@ys 2 Sriettam i yoduded, et will e reduopd. Yudushig wes
s Ytes of Wmt ook Mpiction n all thelr meghinote

The Mawt pea) selamtitic Imsuielgs wa ghves %¢ tbe world tm aaly almo
by an Amegfens, Beujomis Shompedw, Ne noticed thet &% holies werc befing Sowelt
in®c brass 1o uske annoes , W W netal YouuD o0 2, AL & perPR toudhed
ilag @ big Dlisher woudd semull, WWhe chservetiom Sonlk W My investigualoms.
Scientings begen devcleping Libricawts such es &1, gPease, gmphite, Piastix
and many othems. They distownrsd thet smcoth sugfacee rekve frigtion aai
thd Bard "ball shapell® difects,; @iled ball buringes luve the 100t albgt
of friction. So the Wa¥l Bearing vas deeuliqpel enfl o1l was ook as @
ludricant. Inbricated Wil bLearings were & Dk Bge-tat owtion. B Ss
said the wheels of industay turn on Jibriested dell hearfmcs.

Scientists contfmmed to Jewestimate LieSabiom sad tic £inlings ere
not unusuale The Vibricatimms does one Wlagk 1t cont® e sufeew of the
objeci ard therefore gives snother surface Ut N Lews fyickion. tibsieanti
do mot have to be a 1iquid, Wt can be & glestic or sven § . st the
addition of a new surfuce tmat kms less fricticn im a lubgicants

Wlitons of dcllars Dwve Docn spent on lubricetion. Hemty however,
is not the oaly resson Lbricomie sre used. Ibricants also prevenst objects
tron wearing eut 80 fyst. Wiet actwally tekes place Is Hmb the surface of |
the ohject 18 coatet aad doesn't touch avything tut the Jddeicant. Mriction
i8 necded sametines 2ke cn the akes of @ car. It would be @ sab day if
someone oiied the drakes e & oar, What happess W your Yrexes when hey get
wet? Tt would be snother ssd dsy if someone poured oll om the highwey. What
30 you think would heppen if somcone pub greage all over & railroad track?

It scems we hawe forpotten about thc stuek car, 80 let's dlg out im fron’
of the tlres and stext off very slowly. It mmy work, snd the cer can travel
to wherever the driver wishes o go.

|

e .

Just one gucstion scems uuenswered. Why de boys lubricate their hair?
Scme .even use thet “gressy kid stufe. '

Q
RIC




A-21

NEARLY FRICTIONLESS

Materials for groups of three:
1. Dry ice (frozen carbon dioxide)

Everything that moves hLas some oppdsing sriction. Just movement in the i
air provides an opposing force against movement, or friction. In this
experiment you are to use dry ice. This substance is a solid that doesn't
m'elt, it just eveporates. The gas that iz given off provides a Jubricant, ]
or in other words, the block of ice produces a gas that fioets the solid 3
above the table. i v

NOTE: DRY ICE WITL ‘BURW'. HANDLE THE ICE WITH# TONGS ONLY.

Yoﬁr instructor will show you where to test the ice for friction. {
Follow his directions for safety. '
1. 7Place the ice in the location as signed. Then barely touch the
block of ice with yourtongs o see if it will move e=sily.
D o, Blow on the ice and see if you can move it by blowing on it.

Answer the following questions: (Use the back of the sheet if needed)

; i. Is the block of dry ice nearly frivtioniess? How do you
know? | ' '

o, What is the lubricant? How can you tell?

1 3, Would a block of regular ice work the same way?
{ Why or why not? '

k. Tf ice melts to water, would the weter act as a lubricant or as a glue?
How could you test it? ‘

5¢ Why is it so casy to skate on ice?

6. What happens when you touch ¢n ice tray from the freezer with wet hands?
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TEACHEER 5CURCE

Heat is & term relating to emergy. The direction of flow of hect
cnergy ic determinci by temperature. It should b2 noted that temperature
is not a measwre of heat, but a measure of hotness and coidness. The heat
will flow from the hot area to the culd arca. The temperature is a gqualita-
tive measurement indicsting vhe direction of the flow of heat, It is
commoniy messured in degrees on the Fehwenneit znd Certigrade Scales.
Technically, temrecature can be daPined as the state of g body which
determines tre transfer of heat to or from other bedies. Heat enexrgy always
#1ows Yrom a body AT A HIGIER TEMPERATURE TO A BODY AT A IOWFR TEMPECATURE.
Whencver heat cnergy flems from a hotier pody into a cooler body, the hotler
body becomes cooler ani the ccoler Lody becomes hoiter. The heat transier
15 therefore arn cnergy 1oss or guin in <he internal energies of the bodies.
Heat refers t0 the guantity of energy present while temperature refers to
the degree of hoiness or coldness. Heat energy is measured in B.T.U.'s
{Britisn Thermal Units} or iu coiories. Oue B.T.U. is the emovmt of heat
required to raise the {emperature oi one pourd. of water one degree Fahrenhelt.
One ealorie is the amount of heat requirved to raise +he temperziure of one
gram of weter one dagrec Centigrade. A Kijocalorie (iarge calorie, food
calorie, written with = cepital ' 3*) is the amount of hes% reguired to ralse
the temperature of one kiiogrem (1000 grzms )} of water one degree Centigrai=.
The =elationship of hest and tempersiure wust be made clear to prevend
confusion,*

Heat ic representative of energy. Teaperature is a qualitative
measurement of tkis energy. The following statements can te made concerning
bezt and temperatvure: :

1. Heat ie cnergy and therefore caun perform work.

2, Temperature can be measured by the various sceles using Che prircipl:
of expansicn and contraction ¢f the medium belng considered.

3, Hest will move Irom the Ligher semperabure to the lover temperature.

L, e rategol chemical reascisions are infliuenced by temperature.

5, Evaporation is a process of heat exchange and bherefore can produce

cooling due Yo the relsase of heat emergy from tbe interazl system
undergeing evaporation.

6. The rate of cooling is not a stsaight live relationship but & coxrved
line. A grepk will resdily yrove thils reletionship when temperature
is olotted in relation to time.

7. Differing meterials exhibit differing insuladtion qualibics, -

8. The kindling temperature is the tcupersture ot which a substance wils
take fire snd contiruve to burn. Tals temperature is critical, Below

this tempereture nc {lame will occur., Above tais temperature or at
+his tempersture flemes will occur.

The activities in tkis wnit are "o develop an gppreciatlon of the energy
relationships of heat. Heat is a vital factor in everydoey life. It is ome
of the mosi: importept factors in our physical and bioclogical environment., The
oricntation of the enbire wnit will reflect thesc relationships.

¥A pood reference is Duil, Mstealle, and Williams, Modern Puysics, New York:
Holh, Tirchast, =i Winstosn, 1960, pp 217-229.

v
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Topic 1 - Heat ic energy and can perform work.

The introduction of the heat relations should follow smoothly and
without a recognizeble breask following friction, The last two actlvities
(A-20, A-21) stresscd the relationship of heat, friction, and the use of a
gas to reduce friction, The gas, however, was from a very cold piece of
¢y lce, The heat relation is the important factor that will provide
the basis of approach,

The stecam engine may be used in this section at any opportune time, if
interest is high enough. You may wish to probe deeper into the actions of
the engine, but little reference will be uade to the steam engine in this

" material. You may wish to prapare a prepared acetate,

T¥DGSTRY HAS SPENT MILLIONS OF DOLLARS TO REDUCE FRICTION. IT HAS ALSO

 SPEST MITLTONS OF DOLLARS TO FIND BETTER WAYS TO USE THE ENERGY OF HEAT,

LET'S SEE HOW MANY ATPLICATIONS OF HEAT ENERGY WE CAN LIST., Writ. all
sugzestions on an acetate.

Interject the term energy at every opportunity and compliment the use
of it, but dv not reguire its uwse. If temperature is used in student
discussion, explain it ss an indication of hotness and ccldness, but do not
discuss the relationship oi “eamperature and heat at this point. Use only
casual remarks that #ill interject validity when necded. Along with every
suggestion, stress movement of the heast energy from one location Yo another.
An example would be, if someone nsmes s stove, remark the heat evergy travels
into the ifood being cooked, or ask the students where the heat is moving.

WE COULD GO ON AND ON AND ON WITH THIS LIST BECAUSE WE USE HEAT SO MUCH.
LEP'S TAKE A IOOK AT WHAT WE ALREADY KNOW. THE FIKST THING WE SEE IS THAT
HEAT MOVES FROM ONE PLACE TO ANOTHER, REGARDLESS OF WHAT CAUSES THE HEAT,
IT MOVES, SC LET'S LOK AT SCMETHING THAT REALLY HAS A LONG HISTORY OF )
TMPORTANCE TO SCIENCE., (Pick up a drill and bit.) WHAT IS THIS? Discussion
if needed, but all the students should be very familiar with the drill., DO
YOU BELIEVE THIS WILL PRODUCE HEAT? Accept all answers but do not explain
what vou ave going to do. Ask one student to volunteer to assist you. Then
drili a small hole in a block of hard wood. Ask tae student to touch the
bit carefully so0 he can feel the heat transier., WHAT HAPPENED? Discussion.
WHERE DID THE HEAYT COME FROM? (TFriction) WHERE DID THE HEAT ENERGY TRAVEL
T0? (The air and the boy's hand) IT SEEMS THAT WE CAN REMOVE THE HFAT.

CAN YOU THINK OF ANY WAY WE con;,n KEEP THE BIT COILD? The answer you are
seeking is %o obtain something that will absorlL the heat. If you do not
get the answer you want, then suggest that water might be used to remove
tbe heat. Ask for o voluntecr to 1ill a beaker with water and pour it on

the bit slowly to prevent splashing., After drilling, immediately tell the

student pouring the water to touch the bit. It will be conol,
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Topi¢ 1 {contimmed) 19

WHAT HAPPENED TO THE HEAT ENERGY? (Absorbed by the water), HOW DOES
TNDUSTRY LSE THE SAME SRINCIPLE?  (Usesoil) This samc demonstration cen
be extcnded to movement of heat in the metal being drilled, ‘The main
point to develop is that heat travels from the hotiest area to the coldest.
WE MENTIONED FARLIER THAT THIS FXPERIMENT HAD EISTORICAL IMPORTARCE, IO
LET'S READ ABCUT ONE OF THE SCIENTIFIC GYANTS OF HFAT EXPERIMENTATION,

Pgass out sheet A - 22,
TFACHER DIRECTION A -22
HEAT ENERGY

The reading activity is to reinforce the concept that heat is energy.
After the students complete the reading, read the activity aloud with them
vhile soliciting questions. The experiment by Count Runford will need more
explanation., The discussion of the experiment can develop the importance of
comparisor. and that this is & valid means of experimentation recognized by
sclentists. Also meke the poiat that science is continuglly changing due to
questioning and experinentaticn.

Severel werds will. need to be defined before the students begin reading.
They are internal combustion engine, liquid, commmnication, associated with,
influential, espionage, deported, and distinct.

The reading may stimilate interest tc the point that outside reading
and reports can be introduced. In this conmection, students might read
about Robert Fulton, a colorful scicntist, and othews such as James P. Joule,
James Watt, Thomas Newcomen, and Dr. Pudolph Diesel.

The wvork that heat can perform is the most applicable commmity-related
aspect, The following activities will investigsie several of the applications
6f heat energy.

TEACHER DIRECTION : A -25
HERO'S TENGINE
Materials for groups of three: (B.B,W. Science Kit ©, Investigation 25 )'

1, Metal can (Hero's engine) 4, Alcohol burner
2. Can holder 5. Ring stand
%, Cord, 24 inches long (nylon)

. Ask students to bring simll cans to meke their own Hero's enginc, The
holes in the cans must be very smell., Use a non-twisted thread such as nylon.
Remove. any combustible material from the cans by washing with soapy water.

MANY CENTURIES AGO A GREFK IN ALEXANDRIA, EGYPT MADE A SIMPLE STEAM
ENGINE USING HEAT ENERCY, LET'S TAXE A L,OOK AT ONE. THIS SHOULD SHOW HEAT
WIIL DO WORK.

Pass out sheet A - 23, .
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STUDENT A - 22
HEAT ENERCY

Benjamin Thompson was born on a small farm ip-Massacousetts in 1753.
He was a bright young man that moved from his farming commnity into the
city where be became associated with influential p=ople. When the
Revolutionary Wer broke out in 1775 Mr, Thompson became a British spy, was
caught by the Amcricans, and deported to England. The linglish government
avarded him an important governmental post as head of the Ravariar War
Department due to his espionage sctivities and his keen interest in science,

The Britisk government also gave Benjamin ‘Fhompson a noble title, Count '
Ruaford. The Count was most interested in heal and read widely on the o
subject. Through experimentation he developed new theories and. several
inventions snch as the drip cofice pot and the pressure cooker which are a
still used today.

Perhaps his greatest contribution was his theory related to heat. Cne
day in Mumich, Germany he vas supervising the building of camnons. The
cennons were made of long hrass tubes that were bored out by long drill
bits turned by horses, for then electrical power was not known, As the bit
turned in the brass rod, it Lecame hot crough to burn the men if accidentally
toucked. Cowunt Rumford suspected the heat was due to friction; but the
scientiste during this time believed heat s a liguid called “caloric”
and that the turniag made the @alori_c run ocut. Therefore the heat was hot
due to the caloric liquid. This seems foolish to us now, but it was a real
prcblem in Count Rumford’s time. You kunow they even believed when you build

a fire you were being sprayed with this caloric liguid and this was what
varmed jou. The Jount, a distinguished scicntist, decided to test this
theory. His experiment was very easy, but very important. He believed

two things. First, if a liquid carried the heat, then it must have weight.
Secondly, if caloric was once removed from the brass, it couid not be heated
up again because caloric was no longer present. Jount Rumford wrote,¥*

It appears Lo me exbrémely difficult, if rot impossible, to form any "distinct
idea of anythiiug capable of being axcited or comrmmiecated, in the manner

heat wes communicated in these experiments, except it be motion." He based
this statement on his experiment 1n vhich he used brass turnings that hud been
bored, cooled, then reheated, and placed in water. Then he took the temperatur:
of the water.

*¥Conant, James. Barvard Case Histories. Harvard University Press;
Cambrid.ge Mass. 1957, P 108,
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1 pound l - hot brass turnings
{without caloric)

cold water

The brass block weighed the same as the turnings. Both were heated
to the same temperature. The change in temperature of the water wuas the
same in both cases, Therefore, the same amount of heat was transferred from
the turrings as from the block. The caloric theory was proven WIONg.
100°

1 pound ' Hot brass block
l (with caloric?)
300

- —— warm brass

m n warm vater

cold water

The mechanical energy of the drill was the source of the heat energy.
Heat energy must be energy of motion.

Scientists came to recognize that Count Rumford was correct and as a
result, science took = glant step. Soon after Count Rumford proved thet heat
is energy that can be tranaferred, the steam cngine vas developed and heat
energy wae put to work. Just think, the steam engine became the power source
of the steam boat. Some made tractors for farmers using steam engines, Othe
used the V steam engine to run pumps, elevators, and to run nearly every
conceiveble device for which we now use electric motors and internal
combustion erngines. Even in atomic reactors, it is the heat energy that

we use to drive our machines.
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Teacher direction A - 23 (continued)

Instruct the students to follow your directions. Using a prepared
acetate, instruct the students to usssemble their epparatus; but do not
start it until instructed to do so., After the apparatus is assembled,
instruct them to follow directions as writter and proceed with caution
due to the fire.

J After completing the activity, discuss the findings in a class .
discussion. The prineiple of action and reaction will be obvious. It
mey be of interest to the students that the same principle of the Hero's
engine is used in turning space ships when in flight in outer space,

L L M
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Topic 2 - Temperature can be measured by the Fahrenhelt and Centigrade
scales., It is a measure of the hotness of an object.

The term "temperaturs" should be an everyday word with the students),
but only a few will understand the relation of temperature to heat. The
following activities are to show that heat is energy and terperature is
only the degree of hotness and coldness. In discussiom, use the term
energy after heat whenever possible, snd degree of hotness when referring
to temperature. This relation of heat to temperature is an abstraction and
mst ve developed. Commmmnication skills will develop via teacher led
dlscussions as the students use definitive terms correctly. Do not attempt
to explain the relation of heat to temperature until the students exhibit an
understanding of the terms. Use thermometers that have dual centigrade and
Fahrenheit scales. The students are to read the scales directly from the
thermometer. It will be unwise to attempt calculatlious determining conversion:s
unless the students wish to calculate conversions. f'he formulas ure:

F=%6+}2 Ca%(F-jm 1°¢ = 1.8° F

O

. ERIC

Aruitoxt provided by Eic:
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STUDENT A~25

HERO'S ENGINE

Moterials for groups of three:

1, Metal can 4. Alcohol dburner
2, Can holder 5. Ring stand
3, Nylon string, 2l inches

Many centurlies ago a Greek named Hero developed. & steam engine,

It 13 a good example of putting heat energy o work. You can meke one if

you wish. Some students have tournsments with Hero's engines to see who
cap make theirs go the fastest. Others have attached pulleys to sec whose

engine develops the most power. Your jnstructor may let you select a

chappion in Hero engine construction if enough would like to compete.
and

The Hero engine works on two principles: First, heat energy,

seccndly, for every actlion there is a reaction, In this case steam is the

product of heat energy and the action is the steanm pushing out the little

hole-BO
give you divections in assenbling the engine;

burners until told to do so0,

The instructor will

Follow directions closely and do nct light‘the

1 burner is to serve as a source of heat energy. The water

The alcoho
in the can will absorb the beat. The water turns to steam &8 it absorbs
heat epnergy from the flame. |
h of water in the bottom of the can and screw the cap

Put about one inc
on the can tight 80 steam will not leak through the cap. Tt will take a few

minutes after the burner 3+ 1it for the water to absorb enough heat to cause

'burn‘inso

OQount the number of turns the can makes in per minute each two minutes,

to watch the clock and meke sure the counting starts at the

One student is
right time and stops at the right time, One student is to count the turms,

or revolutions. The third student 1s to record the data.

el
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' STUDENT A - 23
; Page 2

Start counting the revolutions per minute three mimutes after the
alcohol burner has been 1it and placed under the Hero's engine, Make sure
the tin can is not turning before placing the burner under the can, The
can should be suspended by a thin monofilament cord.

= R FEE

REvoLuTIONS|
per minutej MINUTES

Meke a drawing of the Hero's engine, With arrows show the direction
of the turning and the direction the steam is blowing out.

How can you make the engine turn faster? List gseveral ways and give
your. reasons for listing them, If you can't think of seversl ways, lock in
some books in your room, The quickest way is to look in the index in the
back of a book. ILook for Hero's enginue or Hero. ‘

-oe -

©
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Topic 2 (continued)

Graphing will be introduced in activity & - 25, Graphing can basically
show trends and many times experimental errors will meke some points invalid.
These should be discarded. Approach graphing as a mathematical tool used
to make predictions. Do not expect student success immediately. The
students' previous unsuccessful experiences with graphing may create some
apyrrehension. Illustrate on a prepaved acetate how simple datu may be
graphed.

TEACHFR DIRECTION A -2k
TEMPERATURE

Materials for groups of three:

1. 250 ml beaker 4. Alcohol burner
2., Thermometer 5« Ringstand
2. Ice

Do not be surprised if the students do not know which end of the
thermometer to submerge for reading. Some students will have trouble
locating the mercury colum. The following activities will develop
confidence by letting the students discover how to read the scales,

Caution students that thermometers are not to be used as &n oral
thermometer. The thermometer is not to be placed in & beaker and allowed
to rest on the bottom of the beaker as the beaker 1s being heated (1t 11
break). : : .

WE HAVE STUDIED ABOUT HEAT ENERGY AND SEVERAL OF YOU HAVE MENTIONED
TEMPERATURE., SO LEP'S DO SOME WORK WITH TEMPERATURE, (Pass out the
thermometers.) WHAT DO YOU CALL THAT THING I JUST GAVE YOU? Thermometer,
WEAT DO YOU DO WITH A THERMOMETER? Accept all answers, but challenge any
statement regarding heat by answering that heat is energy and mst go from
a hot area to a cold area, sc what must temperature indicate? It indicates
the direction of Flow of the heat. At the most opportune time continue with,
LET'S DEFINE TEMPERATURE AS THE DEGREE OF HOTNESS OR COLDNESS., NOW, LOCKING
AT YOUR THERMOMETER, HOW HU!? IS IT IN THIS ROOM? FPlace the prepared acetate
of the thermometer on the overhead projector. Record all suggestions of
temperature on the appropriate séale.

Accept all answers. Some acting here will increase interest. Promote
discussion smong the groups. Ask one group to check another group'’s reading.
Tt will be most appropriate if you can ask a group that is giving Fahrenheit
readings to check another grouwp that .: reading the centigrade scale,

EVERYONE LOOK AT THE TOP OF THE THERMOMETER. FIND THE LETTERS “C"
AND "F', Pause, -

WHAT DOES THE "C" STAND FOR? Centigrade. WHAT DOES THE "F STAND FOR?
Fahrenheit. THESE SCALES ARE TWO WAYS TO READ TEMPERATURE, IT JUST TELLS
YOU HOW HOT OR HOW COLD THINGS ARE, LET'S SEE WHO IS THE HOTTEST, BOYS OR G




Teacher direction A - 24 (continued)

GRIP THE THERMOMETER IN YOUR IAND. THREE MINUTES FROM NOW WE WILL TAKE A
RFADING. Decide what scale to réad during these three minutes, WHICH
SCALE DO YOU WANT TO READ? CENTIGRADE OR FAHRENHEIT? (Discussion) After
time is up, average all the girls readings and all the boys readings.
Repeat the activity placing the thermometer in the bend of the elbow using.
the opposite scale. Stress the use of Fahrenheit since this is the most
commonly used in the commmumnity. Make sure the students are proficient in
reading both .entigrade and fahrenheit scales.

AT WHAT TEMPERATURE DOES WATER FREEZE TO BECOME ICE? 32°F or 0°C.
Accept all answers, but do not tell the students the correct answer. WELL,
AT WHAT TEMPERATURE DOES WATER BOIL? 212°F or 100°C, Accept all answers,
but, do not tell the students the correct answer. LEP'S FIND OUT.

Pass out A - 24 |

, The students are to determine the freezing point and boiling point of
water. They are also to take a reading every 2 minutes in order to greph
the results. They are to resd the thermometer with the bulb of the
thermometer in the water.

The students may use the thermometer for a stirring rod, but they are
not to leave the thermometer in the weter without moving it. Caution the
students to teke readings accurately at the prescribed intervals.

The beakers are to be one-third full of ice water with only a small
quantity of crushed jce to reduce the temperature of the water to the freezin;
point. When the temperature cools +o 32°F, have the students remove gll but
one tiny piece of ice, Timing and ieating should start when the temperature
is approximately 32°F end a.small quantity of ice remeins.

After completion, go over the data using a prepared acetate of the
temperature scale, A - 24, by writing in the times of each reading between
the centigzade and Fehrenheit readings. Students are to follow using page 2
Of A‘ - 2 e

_ The results are to be used in making the graph A - 25. Have the student.
meke any needed changes in their data to insure success in making graph A -~ 2
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A-24
TEMPERATURE
Materials for groups of three:
1. Thermometer 4., Alcohol burner
2, 250 mi besker 5. Ring stand

3, Smell quantity of ice

Temperature is a measure of hotness of an object. We know that 1f
we put ice in water, the temperature should drop to 32° Fahrenheit and
remein at this temperature as long as ice is present. This activity will
show that the melting ice will cause the temperature of water to drop to
32°F, the freezing point of water, Then by heating the water over an
alcohol burmer, we can determine the boiling point of water.

The procedure must be followed carefully. Add ice water to the beaker
until it is one-third full. Add a small piece of ice and stir it slowly and
carefully with the thermometer until the temperature reaches 32° F, While
waiting for the temperature o drop, adjust the ring stand to the proper
height and light the burner. When the temperature drops to 32°F, record the
exact time, minute, and second. Remove all but a tiny piece of ice and
place the beaker on the ring stand over the alcohol burner.

While the water is heating, stir slowly with the thermometer. Do
not ever let the thermometer rest on the bottom of the beaker; this may
damage the thermomecer.

To complete the table you must taae a reading every 2 minutes and
record the tempersture in the proper space on the chart. Do be accurate,
for these results will be used in the next activity.

Complete the table below. Be sure the temperature is recorded in the
proper space under the correct time intervel. |

FREEZING TO BOILING
Intervels in 'minu’ces

o e[ fe]ofolie

TMERATURE
Fahrenhelt

Starting time:  Minute€: Lo * Second,

What is the boiling point of vater? How do you know?

sl asho [eofs [ fo o







GRAPHING

This activity provides experience in making a useful tool for
analysis of data. The graph will be & broken line graph and not a
curved line. Starting at 32°F, the line should run horizontal for
a short distance until the ice has melted. This line remains
horizontal due to the sbsorption of heat emergy in melting the ice.
T-e line will then rise at about a 45° angle until the water starts
to boil. The line again becomes horizontal and will remain so until
all the water has boiled away. It remeins constant due to the
?bsorp'l);ion of heat energy as liquid water changes to water vapor

steanm).

The terms HEAT OF VAPORIZATION sad LEAT OF FUSION should be
s jntroduced and used in the discussion and explematiom, but should
1 not be imposed on the students for memory.

Use the prepared acetate for recording the students' data for
discussion. Using seversl student’s data for showing the same results
will be good. The difference in location of graph will reflect the
differences in the quantity of heat produced by the different burners.,
Phe steeper the slope, the faster the water was heated, or the more
heat energy the burner waes producing. Also some groups may useé moxe
water than others. The smaller the quantity of water used, the steeper
the slope will be. '

Topic 3 - The Kinetic Molecular Theory of heat is & model of mattexr as
consisting of mcving molecules,

: Models are useful in explaining what one observes. Models are in

E reelity a visusl picture of an idea. One visualizes how something
works. - An example is the model of tle solar system which we use in

: accounting for the motions of the planeis, day and night, seasons and

] the like. ILikewise, molecular theory is a model of the nature of matter.
" Tt enables us to account for meny phenomena such as expansion of things
when heated, the pressure of a gas, the energy involved in change of
state, the movement of heat energy, the spread of odors, et. al. Ve
shall use it in extending our knowledge of heat energy.

: The teacher may wish to demonatrate some of the activities in
this topic rather than to use them as student activities.

X Q ‘
| ERIC

Full Tt Provided by ERIC.
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ETUDENT A-25

GRAPHING™

The purpose of this activity is to convert the data you obtained irom
the previous activity inte a morc useful form. Craphing your results wvill
pake the data easier to interpret and much easier to resd. Tt will enable
you to guess what might heppen if you coptinued the experiment over a
longer period of time.
the horizontal and vertlcal axis.

A greph consists of two paris,
and the vertical axis runs up

mhe horizontal axis runs across the page
and down the page. the graph you will be using, time (in minutes)

w111 run from the lefi side of the page to the right side‘along the -
ure starts at 32°F near the bottom of the

norizontal axis. The temperat
the page along the vertical axis.

pgeandmcreuesaswugow
To locate a point on the graph, move borizontally ecross the page
from the temperature recorded in your deta. Next, move vertically from

the proper time interval straight up the page. vhere the two imaginary
1lines cross, make a point. Follow this sama procedure for all of your
data. After finding all your points, connect them with 8 straight line.
Thegraphformgrmmwﬁlaotbe the same as the graph your
neighboring grouwp will make., ' Tt should, however, have the same shape.
Can you figure out why? Can you tell wore from the graph you mede then

you can from the data recorded in your table?
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TEACHER RESQURCE

The assumptions on which Kinetic Molecular Theory is based are
as follows:

1. Matter in all its forms (gases, liguids, golids) 1s composed
of extremely small particles called molecules. Molecules in
turn are composed of atoms.

o. Molecules are in constant motion with speeds which Increase
with an incresse in temperature.

3. Molecules are separated by spaces as though they were
bouncing spheres. In solids, the spaces are small and motion
is limited; motion consists largely of vibratloms with the
molecules keeping approximately the same relative position.
In liquids the molecules move more freely shifting their
relative positions (as whea a liquid is poured), but clinging
together. In gases the spaces are large; the 1rate of motion
is greater; and the molecules tend to fly away from each
other. When molecules collide they bounce from each other
a8 1f they were completely elastic with no spparent loss of
energy.

4. The molecules attract each other with forces that act like
gravitational forces.

5. When matter 1s compressed, the size of the molecules remains
the same, but the spaces between the molecules are decreased.
Thus a gas, vith wide spaces between the molecules, is
conpressible.

6. The pressure of gases is produced by the moving molecules
colliding with the walls of the container. When the motion
and the number of collisions of the molecules ave increased
the pressure becomes greater.

Theories are useful to the extent that they enable us to build
mental models to more effectively investigate and arrive at more
meaningful conclusions. Tn.building the model of molecular structure,
start with the assumption that all matter consists of molecules which
are in motion due to their energy, heat energy. The model of each of
the three states of matter can be generalized as follows:

‘1. Solid
The heet energy in sollds is low and thus the motion
of the molecules is slow. The molecules are close together
with little space between them. This closeness of the
molecules 1s why solids ave heavy.
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2. Liquids
The heat energy in liquids is higher than in solids, and
thus the motion of the molecules is faster than in solids,
The molecules are not as close together with a little
more space between them than ia solids. Since there is
more space between the molecules In liquids than in sollds,
1iquids are lighter, (Ice is an exception because of its
unigue crystalline structure. )

3.- Gases
: The heat cnergy in gases is higher and thus the motion
of the molecules is faster. The molecules are far apart
with a lot of space between them. This vast free space
explains why gases are SO much lighter than solids and

1iquids.

The sbove statements have identified solids, liquids, and gases
4in terms of heat energy differences. The process c¢f changing solids
to liquids and liyuids to gases requiresa specific quantity of heat.
5 The heat required to change & soiid to a liquid {e.g. ice to water
at 32°) without changing the temperature is called the HEAT OF FUSION.
The heat required to change a liquid to & gas (e.g. water to steam at
212°) without changing the temperature is called the HEAT OF VAPORIZA-
TION. The relationship of these quantities of heat, temperature change,
. and the accompanying change of state are shown on the graph below:

Change of State of Water

250

Heat ¢f Vaporization (540 cal/g)
Bonds holding the molecules close
are being broken to form & ges

Heat of Fucion (80 cal/g)
Bonds holding the molecules close together
in a fixed position are being altered to

form a liquid.
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PEACHER DIRECTION A - 26

o h e Sl

EXPANSION OF METALS

Materials for groups of three:

1. Glass jer and metal lid 3, Ball end ring expansion apperat
2. Boiling water 4. Alcohol burner ‘

This activity will make use of 1if - then' predictions to move the
students toward abstract reasoning. Do not tell the students the expected
outcome., The students are to compare data of two experiments showing the
same principle. Read the prediction to the class, discuss it as long as
there are questions, then pass out the activity for the investigation.
Circulate among the students asking leading questions and supplying

jnformation when needad. -

PREDICTION: IF MOLECULES ARE SEPARATED BY SPACES AS THOUGH THEY WERE
BOUNCING BALLS, AND IF THE MOTION OF THE MOLECULES SPEEDSUP WHEN HEATED,
THEN THE SUBSTANCE SHOULD GET BIGGER WHEN BEATED.

Investigations used.' to test this prediction are:

- 1. To see if heat mokes solids expand, £ind how it aifects a metal
jar lid on a glass Jar. To do this, have a student screw on this
114 tightly. Then guickly neat the 114 in hot water (boil:tng) and
quickly try to wscrew it using & towel. Use care not to heat the
glass Jar. If taught as a demonstration ask:

DOES THE LID COME OFF BASILY? Yes. HOW DOES THE HEAT AFFECT THE
METAL LID? (Discussion) The molecules move farther apart resulting

in expension. The jar and the metal did not expand. the same

amount.

o, To see 1f heat makes golids expand, use & ball and ring. Alternatel}
heat ‘the ball then the ring to see if the ball will pass through the
ring each time. Tuis experiment works very well. Caution the .

o students not to burn themselves.

ERIC

Full Tt Provided by ERIC.




A - 26

EXPANSION OF METALS

Materials for groups of three:
1. Glass jar and metal 1id 5. Ball snd ring

2., Boiling water i, Alconol burner

Tn this activity you are to consider two conditions, draw conclusions,

and s{mport or reject a prediction, The prediction may or may not be right.

PREDICTION:

If molecules are separated by spaces as though they were bouncing
balls, and if the motion of the molecules speedsup when heated, then "
the substance should get bigger when heated.

Investigation 1
Serew the jar 1id oo the Jar tightly. CSubmerge only the metal rim of

the 1lid in bqiling wvater, then simediately try to unscrew the 1id. Remember

you screwed the 1id on very tight,.

1. Was the 1id easy to unscrew?
: o, Did the metal expand or contract?
' -3, How does the metal expand.? '

; Investigation 2
The ball should barcly pass through +the ring when both sxe at room

: temperature.
1. If the ball is heated, will it pass through the cool ring?

; o, Tf the ring is heated, will a hot ball pass through the hot ring?
L§ %, Will a cool ball pass through a hot ring? '
F 4., How could the metal expandi '
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A - 26

L' DID INVESTIGATION 1 AND INVESTIGATION 2 SUPPORT THE ORIGINAT. FPREDICTION?

1. How did investigation 1 support the prediction?

TR R R T TR R T R A T RRT

2, How did investigation 2 support the prediction?
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TEACHER DIPECTION ‘ A-27
HFAT: WEIGHT AND VOLUME

Materials Tor groups of %hree:

1. Bar and pin used in A - 1 6. One-hole stopper
2, 2 hooks 7. String (2b inches)
3, Ring stand 8. Alcohol burner .

L. 8 washers (4 oz. each) 9. Plastic soda straw (£1t rubber stop
5, 500 ml flask . 10. 250 mlL beaker

~ PREDICTION: IF MOLECULES ARE SEPARATED AS THOUGH THEY ARE BOUNCING
BALLS, AND IF THE MOTION OF THE MOLECULES SPEED UP WHEN HEATED, THEN THE
SURSTANCE SHOULD GET BIGGER WHEN HEATED.

Investigation 1: Assenble the apparatus by placing the pin through the
hole in the middie of the bar and clamping the pin to a ring stand.
Add cold water to the flask until the water level is to the neck of
the flask. Attach the flask to cne end of the bar with the string,
and balance with weights. T¢ more water is needed, add until the
bar is in balance, Mark the £inal cold water level on the flask.
Replace the cold weter with an eoual volume of hot water. The hot-
water should be lighter.

Investigation 2: Add water to a beeker until two-thirds full, Insext
a glase tube into a rubber stopper and fit it tightly into the empty
flask. Invert the flask and dlp the end of the tube into the beaker
of water. Heat the flask until several air bubbles appear. Then
remove the burner arnd allow the flask to cool. Some water should

. be drawn up into the tube as the alr coole and contracts.

-

TEACHER DIRECTION A-28

CONDUCTION, CONVECTION, RADIATION

This activity 1s a reading activity on the methods of transferring
heat. The teacher may went o read it aloud to the students or let them
read it alome and then read it with them.

Many investigations can be planned to reinforce the reading material.
The students® familiarity with heating and cooling can ald in planning
activities outside the classroom., Exesmples are measuring temperatures of
different colored liquids, of the inside of cars with different tops,
and of the temperature of the air sbove sidewalks and lawns, et. al. The

energy from the sun Purnishes us with most of our neat as well as light.

Pass out A - 28
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STUDENT A -27

HEAT: WEIGHT AND VCLUME

Materials for groups of three:

1, Ber anG pin used in A - 1 6. One-hole stopper

2, 2 hooks 7. String (24 inches)

%, Ring stand 8. Alcohol burner

4. & washers (b oz. each) 9. Plastic soda straw (fit ruboer stop
. 5., 500 ml flask - 10. 250 ml beaker

Tn this activity you are to cousider +two conditions, draw conclusions,
and support or reject a prediction. The prediction may or mey not bz right.

PREDICTION:
it molecules are separated by space as though they were bouncing balls,
and if the motion of the molecules speed up when heated, then the substances

should get bigger when heated.

Investigation 1
Susp.nd the meter stick at the mid-point from the ring stand.. Add

cold water to a flask until the water level is to the neck of the flask.
Attach the flask to one end of the meter stick with e string and balance
with weights. If more water is needed for balance, add water until the
meter stick is in balance. Mark the Pinal cold water level on the flask.
Then pour out the cold water and replace it with an equal volune of hot

water.

1. Was the cold water heavier or lighter?
2. Why did the water expand when heated?

o e i Al G (38 G At 65F YR Hisseto T




STUDENT
Page 2

A-27

Imvestigation 2

Add water to a 250 ml beaker antil it is two-thirds full. Apply
1iquid soap to a glass tube and insert the glass tube in a rubber stopper
and 7it it lightly into an empty flask (full of air). Invert the flask
and dip the end of the tube into the beaker of water. Heat the flask
with an alcohol burner while holding the end of the tube under water
until several air bubbles appear. Then remove the burner aund allow the
flask to cool, keeping the end of the tube in the water.

1. Where did the bubbles conme from?
2, Why did the air expand when heated?

3., Why was the wvater drawn up into the tube?
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STUDENT A-28

CONDUCTION, CONVECTICN, RADIATION

Iet's go swimming in Johu's swimning pool. Get your swi- suit, towel,
and hat and let’s go. By the wey, don't forget the sunburn lotion -- we'll
need it. The sun is high and it's really hot outside today. Wish I had
my sunglasses to reflect some of the light and heat.

"Hey, John, you must be crazy. You painted the diving board black
and it's so hot I can't even touch it. Don't you know that dark colors
absorb more heat than light colors?” Oh, well, anyone can make & mistake.
John knew that people use white shingies on their houses because in the
summer they are cooler, but - - - = =

Swimming makes me hungry so T brought along scme hot dogs. Jobn has
& charcoal pit and some metal rods Lhat we can use. How about a wiener -
roast? The heat is reslly radiating from the sun today. It's amazing
how so mch energy can get from the sun to the earth, especially since it
has to travel through outer space and doesn't even have the wind to help
it today.

“That's a pretty good fire you got there, Jack. Won't it go out unless
you fan 1t? The wind isn't blowing today.” Jack watched Hoss and Little
Joe build @ fire one time, and he figured out that heat rises when a fire
1s built, cool air from all sides rushes in pushing the hot air from the
fire upwards. This air cireulation is called convection and, if you think
a minute, convection explains why the wind blows. This is also vhy we
ticect the cool air of our air cosditioner toward the cefling. ot air
is lighter than cool air. - So the hot air wili be pushed up toward the.
ceiling by the cool air. )

"Hey, John, I’ thought you were crazy, but now I know you are stupid.
Your metal rods that we are using to roast the hot dogs with are getting
hot. We can't hold them.™ dJohn vasn't really stupid, he just forgot to
get the wood handles for the rods. He kmew that wetal conducts heat and
that some materials are better conductors than others. Wood doesn't
conduct heat very well. That's why it is used for a handle.
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STUDENT ' A-28
Page 2

Tet's try to remepber some of the things we learned from this partye.
T'11 1list a few and you try to rerember how it happened.

1. Dark colors absorb more heat than light colors. ILight colors
radiate wore beat than dark colorse.

5, Heat can travel by radiation which does not require any help
from solid pieces or the wind.

3, Heat can travel by convection vhich is caused by the air circulating.
Hot air is lighter than cool air. Hot air rises and cool air
gettles to the ground due to gravity.

4, Heat can travel by conduction vhere it is passed through a
golid plece such as metal. All solids are not good conductors.

Rk dan o
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. TEACHER DIRECTICN A-29

E | HEAT OF FUSION
HEAT OF VAPORIZATION

Materials for groups of three:

1., Two 250 ml beakere 3, Two gas burners
2, Two ring stands 4. Two thermometers

The heat of fusion 13 the quantity of beat reguired to change & solid
to a liquid without changing the temperature. The heat of fusion for
jce is 80 calories per gram of ice. The change of gstate of ice froma
solid 4o a liquid will take place at 32°F. The ice will absorb heat
energy (80 cal./gram) until the molecules rearrange themselves to become
a liquid, then the temperature will increase wntil the boiling point is
reached. The calorie ie defined as the quantity of heat energy required
to increase the temperature of one granm of liquid weter one degree centi-
e. This means, if you have one gram of ice at 0°C, the molecular
gtructure will prevent the golid from changing into a 1iquid until 80
calories of heat is absorbed by the molecules. When the wvater is in the
1iquid state, the temperature of waier will rise 1°C vhen a calorie of
D heat energy is absorbed provided the wvater remains in the 1iquid state.
he water temperature will continue to increase as heat energy is absorbed
until it reaches 100°C. The temperature of the vater will not increase
above 100°C in an open beaker, but will continue to absord €nergy.
the one gram of water is considered, at 100°C, the molecules will prevent
the forming of water vapor until 540 celories of heat energy is absorbed;
st this time the energy jevel in the mclecules is 80 great the bonds
treek and the water escopes a8 8 gas. The quantity of heat energy absorbed
at 100°C, 540 cal./gram, which changes the water molecule relationship
by breaking the bonds between the molecules and making the 1iquid change
to & gas, is called the heat of vaporizetion of watler.

The students need to understand the definition of a calorie. A
demonstration using 100 ml. of water in a 250 ml beaker, an alcohol
burner and a thermometer is adequate. Set up the demonstration apparatus,
for a class discussion. Write the definition of a calorie on an -ecetate,
but make no reference to it antil the demonstration 1s complete,

LEm'S TALK ABOUT A DEFINITE QUANTITY OF HEAT ENERGY CALLED A CALORIE.
SUT FIRST, VHAT MAKES THE TEMPERATURE OF SOMETEING RISEL (Absorbs heat) :
HO4 MUCH HEAT MAXES WATER TEMPERATURE RISE 1°Ct Calorie.

Do not give the students a technical definition of calorie. Time is
. not a factor in celories. Start the demonstration. Write on the acetate
@ under the definition for the calculatlons, Heve a student stir the water
and tell you vwhen tne temperature rises 1°C. This will be 100 calories
of heat energy absorbed (by definition). Fxplain why it took 100 celories

©
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Teacher direction A - 29 (continued)

to raise the temperature 1°C. Make up problems such as, how meny calories
are needed to raise 50 grams of water 2°C7 100 calories.

The student activity for heat of fusion and heat of vaporizetion
will be more meaningful if calories are well understood. The " if - then"
prediction will again be used. Follow the same procedure as used in

A - 27.

‘PREDICTION: IF MORE HEAT IS REQUIRED TO CHANGE THE STATE OF A
SUBSTANOETEANTOCHANGETHETB&ERATURE OF THE SUBSTANCE, THEN UPON
HEATING, THE ICE AND RESULTING TCE WATER AT 0°C WILL REMAIN AT 6’0
UNTTL THE ICE IS MELTED. THEN, UPON CONTINUED HEATING, TEE WATER TEMPERA -
TURE WILL RISE TO 100°CANDREMAmUNTILALLTHEKATER IS CHANGED TO STEAM.
(Discussion)

Pass out A - 29.

The students are to complete the table and graph the results.

Place ice in two 250 ml beskers and add water until 1/2 full.

Stir with s thermometer until the liquid reaches 0°C. Remove the ice
from one beaker, replacing the 1ost volume of water by adding ice water
until both beakers contain an equal volume. Heal both of the beakers
with two gas burners that are adjusted to produce the same amount of heat.
Record the temperature each minute over a 30 minute period, record the

results and draw a graph. On completion of the activity, clinch the
concepts in a class discussion. :
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’ STUDENT A-29

HEAT OF FUSION
HEAT OF VAPORIZATION

Materials for groups of three:
1. Two 250 ml beakers 3, Two gas burners
2, Two ring stands 4, Two thermcmeters

' mhe hest energy a substance absorbs makes the temperature rise.
Sometimes, however, the temperature does not rise even whep. a grest deal
of heat is absorbed. The calories, the emount of heat energy, absorbed
by the molecules determine 1f a substance remains a solid, liquid, or
gas. When heat is being absorbed one of two things will happen: (1) the
temperature will rise and the phase (solid, liquid, gas) will not change,
or (2) the temperature will stey the-same and the phase-(solid, liquid,
gas) will change. The amount of heat requ‘ired to change a solid to a

A 1iquid without changing the temperature is the heat of fusion. The
:) amount of heat required to change a liquid to a gas without changing the
terpexrature is the heat of vaporization.
This activity will show these relationships. You are to read the
directions, complete the activity, record and graph the data, and support
or reject the prediction.

Prediction:

If more heat is required to change the phase of a substance than
to change the temperature of the substance; then upon heating, the ice
and resulting ice water at 0°C will remain at 0°C until the ice is melbted;
then, upon continued heating, the water temperature will rise to 100°C
and remain until sll the vater is changed to stean.

Set up two ring stands vith two burners adjusted to produce equal
amounts of heat imtensity.
Nurber the beakers 1 and 2, then add ice and water to the two beakers
until the water level is equal in both beakers -- about half full., Stir
ﬂ the ice vater until they reach the freezing point, 0°C. Remove the ice from
the first besker and place it in the second beaker. Pour water out of the
gecond beaker into the first beeker until the water levels are the same,
ERIC
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Place both beakers, at the same time, on the ring stands, stir gently while
taking temperatures each minute for twenty minutes, Record the temperatures
in the Table. After completion of the table, graph the results and interpret

the data. " 'PEMPERATURE AND HFAT ABSORPTICN

Besker

‘Nuxber 1 3 14 7 0§ 111128 1% 17128519
Erminiinnnnninininninng
S iniininniinininnnin

The graph will have two lines. Lebel the line 1 as "no ice", and
label line 2 as "with ice”,

1. BHow many minutes did it take the temperature in the beaker with
"wo ice" to start rising?

2. FHow many minutes did it teke the temperature in the beaker'with ice"
to start rising?

Explain the answers in questions 1 and 2.

3. Which beaker of ice water absorbed the most heat?
How do you lmow? '

L. Iabel the parts on the graph that represemnt the heat of fusiom,
temperature rise, heat of veporization, ice, liquid, and the temperature

vhere steam forms.

5. Does your data support or reject the prediction? Explain in detail.
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uiIr 6
HFAT, CHEMICAL REACTIONS, AND BIOLOGICAL SYSTEMS

Topic 1 - The rate of chemical resctions is influenced by temperature.
A blological system is the product of chemical reactions
that maintain life. Temperature is a critical factor in
perpetuating life, '

TEACHER RESOURCE:

The rate of chemical reactions 15 influenced by heat in ell cases.
Tt is very criticasl in a biological system. The use of the incubator in
hatching chickens will be used to demonstrate this influence of temperature
on chemical reactions. Little veference should ve mede to descriptive terms
such as metabolism,. catebollsm, et. al. The physical phenomenon should be
stressed.

mme following ideas are to be taugnt:

1. ILife is the product of &ll the chemical reactions that occur in
a living orgonism.

p. Tae temperature of the complex organisms we call birds and. mammals
cannot very but a few degrees if their life is to be maintained.
The references in the following discussione pertain to the chicken
and man. In other organisms the temperature may vary someywhat
more thar in birds and mammals.

3. The enzymes are proteins thet regulate the chemical reactlons.

4. The rate of chemical reacti_vity of enzymes csn be represented by
s bell shaped curve with maximum activity at the top. This factor
is most impoxrtant in determining the optimum temperature for 1ife.

5. A calorie is the amount of neat reguired to raise the temperature
of ore grem of water oune degrec centigrade. A kilocalcrie, -written
calorie equals 1000 calories.

€. The chemicals to be considered are proteins, carbohydrates (sugar
and atarch), and fais. A test for protein consists of adding
nitric acid to an unknown solution. When proteins are present,
they turn yellow. A test for sugar consiste of adding Benedict
solution and neat. A copper color indicates the presence of
certain sugars. The test for sterch consists of adding iodine to
an unknown solution. When starch is present, the solution turns
a deep purple. The test for sat consists of placing some of the
untnown on & clean, unglazed, paper towel. A permenent translucent
spot indicates the presence of fat.

T e S dbind
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Teacher resource {continued)

The last activitles demonstrated heat energy and. temperature as only
a physical phenomenon. The physical activities are also important factors
in life. The following sctivities will consider several of these physical
aspects., A cusgested calendar for the study of chick development can be .
found in the appendix.

PEOPLE RAVE SPENT MTLLIONS OF DOLLAPS OF HEATERS AND AIR CONDITIONERS
T KEEP WARM OR COOL. THEY DO 'THIS FOR ONE REASON; TO REMATN AT THE SAME
TEMPERATURE. WHAT TEMPERATURE DO YOU THINK IS THE BEST TEMPERATURE FOR .
A CLASSROOM TO BE? Write all snswers on an acetate. WHY DO WE WART A
PARTICULAR TEMPERATURE? Few, if any, correct enewers will result. WHAT
IS SWEAT™ It is mostly water. HOW DOES SWEATING AFFECT THE BODY? It cools
the body. WHAT HAPPENS TO THE SWEAT? It evaporstes, IF THE EVAECRATION
OF SWEAT, (WATER) COOLS THE BODY, THEN THE EVAPORATION OF WATER SHOULD COOL
A THERMOMETER, LET'S TRY IT. To demonstrate this cooling effect s wrap
some cotton on the bulb of a thermometer, dip it in water, and have 3 student
fan it to hesten the rate of evaporation. The temperature of this ‘thermometer
nmsy then be compa“ed to a dry thermometer at room temperature. How many
degrees does eveporation cool the thermometer? -

WHAT HAPPENS WHEN YOU PUT ALCOHOL ON THE SKIN? WHY ARE PATTENTS WITH
4 HICH FEVER SOMETIMES GIVEN AN ALCOHOL BATH? WHICH WOULD LOWER THE
TEMPTRATURE MORE, ALCOHOL OR WATER? HOW CAN WE FIND OUT?  Involve &
‘class in planning the activi}i,t&. '

IET ME TELL YOU ONEOF THE THINGS SCIENTISTS BELIEVE ABOUT LIFE.
FIRST, LIFE IS THE RESULT OF ALL THE CHEMICAL REACTIONS THAT MAINTAIN A

TIVING ORGANIGM, WHAT ARE SOME OF THESE REACTIONS? LET ME GIVE YOU A
' START: RESPTRATION, LOCOMOTION. IList on acetate class suggestions. The

term orgenism will need to be defined.

LET ME ASK YOU ANOTHER QUESTION: WHAT IS FOOD? Discussion, SCIENTISTS
SAY THAT FOOD IS A MIXTURZ OF CHEMICALS. DO YOU ACREE? Discussion. LIET'S
CONSIDER THREE TYPES OF FOOD: PROTEINS, CARBOHYDRATES, AND FATS. YOU HAVE Al
HFARD OF THESE, AND KNOW YOU HAVE TO EAT THESE FOR A (COD, ‘BATANCED DIET,
BECAUSE THESE PROGVIOE US WITH ENERGY, AND PRCTEINS ARE ESSENTIAL FOR GROWTE
AND REPATR. JUST EATING THESE HOWEVER, WILL NOT KEEP YOU ALIVE. YOU MUST
ALSO VAINTAIN A CERTAIN BODY TEMPERATURE; AND, OF COURSE, DRINK PLENTY OF

. WATER. WHAT TEMPERATURE DO MOST PEOPLE MAINTAIN? (98.6°F) Discussion.

This tempersture is best for chemical reactions of the body to tske place.
If & person gets too hot or too cold, death will result. If you burn your
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Teacher resource (continued)
finger, the cells of your skin are killed. If you touch your tongue to a cold
ice tray, the skin on the tongue will not only stick, but be destroyea. Cther
exanples may be suggested by the class. Stress that the temperature has a
dfrect relation to the chemicsl reactions causing the death.

LET'S CONSIDER THESE CHEMICAL REACTTOKNS IN A REAL LIPE SITUATION. HOW
MANY OF YOU HAVE SEEN A CHICKEN BGG? HOW MANY OF YOU KNOW WHERE LITTLE
CHICKS COME FROM? THE CHICKEN OR THE BOG? Discussion. Both answers are
correct. LET'S FATSE SOME LITTLE CHICKS, AND DURING THIS TIME FIND OUT AS
MUCH AS WE CAN ABOUT HOW THEY DEVELOP. WHAT WILL WE NFFD BEFORE WE START?
LET ME TELL YOU SOMETHING ABOUT #GCS THAT YOU WILL NEED TC <NOW. PERHAPS
YOU ALREADY KNOW MOST OF THESE -TIINGS, BUT LET'S MAKE SURE. Write on the
overhead projector and discuss each item, '

A e e o S ot o e -

l. Farts Structure Function
, a. Shell 8. Protection and insulati
b. Yol b. Food for the embryo
.' c. Alburin or white ¢. Food for the embryo
| d. Eegg (a vhite dot d. The fertilized egg
O on the yolk) develops into the chi
; SHELL
. -
YOILK
ALBUMIN

2, Incubation requirements

a. 21 days at-99°F, (longer at lover temperatures )
b. Turning the eggs in the incubator every 4 t¢c 8 hours
¢c. Adequate air and moisture

' After discussing these points, have each group of students write thelr
names on six eggs with & pencil and place the eggs in an incubetor. Let
the students ask questions about the incubetor. Have discussions concerning
the physical features of the incubator. Many excellent points can be made
- concerning thermostats, hwnidity, insulation, etc. The following activities
will stress the parts of the egg along with the protein, carbohydrate, and

g fat content of fcods.
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Teacher Resource (continued)

The procedure for opening eggs should be demonstrated. I? the
eggs are cracked very gently the shell may be removed for observation
of the membranes. The students should enjoy this procedure and can
compete to see who can remove most of the shell without releasing
the albunin and yolk. When removing the young chick embrycs, always
release the contents of the eggs into luke warm water. A petri dish
serves well as a container to observe the embryos.

The eggs will require 21 days of incubation at a temperature
of 99°F. A two degree variation is all that should be alloved. The
development of fertile eggs 1s inhibited at 55°F. BExbryonic develop-
nent will begin when the temperature is increased to 99°F. A prolonged
variation of more than 2°F either way will retard the growth or kill the
erbryo., Another critical factor is the turning of the egge. This
should be done ideally every i hours. If the eggs are not turned,
hatching will mot occur. However, some development will take place.
Involve class members in the turning schedule.

TEACHER DIRROTTON “' A-30

Materials far groups of three:

KA 1, EGB . . 5‘ Ruler
2, Forceps . 6. Scissors
3, Petri dish T. Paper towels

4, luke waru water 8. 250 ml beaker

Stress at the beginning of this activity the importance of heat and
chemigal activity. The eggs prior to incubation:were kept at 55°F and
1ittlg, if any, reaction took place, therefore;: no embrionic development.
Before incubation the fertilized egl look Just like unfertilized .
eggs. ‘In this activity the students are to open an unfertilized egg
to pe¢ its parts. Some students may vant to put some unfertilized
eges t‘k‘the incubator for comparison., Be sure to mark them for identi-.

Bica . ™e perts of the egg the students are to observe are the

'hGll, ‘embm’ alm, mza, andthe tw embrionic egg. The
students are o gently crack the shell and remove a portion of the
shell to expose tha mesbrane, After observing the membrane they are

_ to break it and powr the oontents into a petrl dish to make observations
and dmawings of what they ohserve,
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Teacher direction A - %0 (continued)

A susll amount of luke werm water should be in the petri dish, A prepered
acetate of the parts (labeled) are to be placed on the overheed projector,
without meking reference to it. This will serve as a guide. Do not explain
the parts or their function until after the activity.

LE"'S INVESTICATE AN EGG BY OPENTNG IT TO SEE WHAT IS INSIDE. YOU ARE
T0 MAKE A DRAWING AND IDENTIFY THE PARIC.

Pass out A - 30.

Before the students begin work read over the directions with them very
carefully. Create an atmosphere of competition in who can peel most of the
ahell away before the inside of the egg spills. Caution the students to
work over the petri dish and towels at all times. '

After the students complete the sctivity, assemble for a class discussior
There should be confusion concerning the function of the parts. Using the
prepered acetate, discuss each part:

1. Shell - protection and allow gsses +0 enter and leave the egg

2. Yolk - food end hold the embryo egg
3, Membrane - Allow gases to enter and leave the egg

l’o Al'b‘min - fOOd
5, Chalaza - hold the yolk (Note: This will be broken when the egg
is poured into the petri dish)

6.; Alr sac - a reservoir of alr X
' 7. Brbryo egg - the fertilized portion that will develop into the

chicken
WE HAVE DECIDED THAT THE YOLK AND ALBUMIN PROVIDE THE FOOD FOR THE
EMBRYO. WHY WOULD THE YOUNG EMBRYO NEED FOOD? Discussion. TO OBSERVE
THE DEVELOPMENT OF THE EMBRYOS, WE ARE GOING TO OPEN THE EGGS ON THE
FOLLOWING DAYS: Sth DAY, 9th DAY, 14th DAY, AND 19th DAY. REMEMBER WHAT
YOU SEE. EACH OF THE FOLLOWING ACTIVITIES ARE TO BE KEPT FOR REFERENCE.

Tf time permits, have the students dilute formaldehyde to 8 10%
solution, wash the bottles, and prepare to start preserving specimens.
If time is too limited, do this the next day. Each group will need b
bottles. Baby food jars are suitable.

TEACHER DIRECTIONS A-31
FIVE DAY EMBRYO

Materials for groups of three:

1. Egg 6. 4 paper towels

2. Forceps T. Ruler ‘

3, Scissors: . 8. Bottle for specimen

% Petrl dish 9, 10% solution formaldehyde

5. luke warm water
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A - 350
THE CHICKEN EGG

Materials for groups of three:
1. Egg

., Iuke warm vater
' 5, Scissors

6. Yaper towels

7. 250 mi besker

You sre now starting to study one of the most interesting parts of
science, 'how life begins and develops ., TLife in the chick egg begins

with the small white spot on the yolk. Tt really isn't hard to see.

2. Forceps
3, Yetri dish
1
E
]
4
E
?
4
1
E
|
| and become an

From this little white spot & chick will develop, grow,
adult chicken. In the following weeks you will open many egge and follow
D the development of the embryo very closely. Today's activity will permit

you to see the parts of the egg. Follow the directions very closely and
use good laboratory procedures. "

Obtain an egg from your instructor. To determine if the egg is
fresh or not, place the egg in & besker of water. If 1t sinks to the
pottom it is fresh. If it floats, it is not a fresh egg. Why do you
suppose & stale egg floats? Is your ‘egg fresh? How do
you know? ' '

gg is fresh or not, begin your investigation.

After determining if your e
Tell the function of each

You are to make a drawing and lsbel the parts.

part.
Very gemtly crack the large end of your €gg. Then with your forceps

or finger nail peel part of the gshell away. Be very careful not to break
the thin membrane just under the shell. At the large end of the egg, @ ;
small air sac separates the shell from the mepbrane. The alr sac 48 really
a very small portion of the fresh egg. At all other places on the egg shell,

the membrane is just veneath the shell.

0 After seging the membrane, empLy the egg into some luke warm water in
a petri dish for observation. Make & drawing of what you see, label the

parts, end tell what you think each part does.

©
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STUDENT ) A - 30
Page 2
The parts you are 1o identify are:

1. Shell k., Albumin

2. Menbrane 5. Enbrionic egg

3. Yolk 6. Chalaza (a white cord attached

“to the yolk)

Meke a drawing below. Write what you think each part does beside the name
of the parts on your drawing. Remember, life requires air, food, warmth

and protection.

‘ How long is the embrionic egg? inches
When you complete this activity, dispose of the eggs as your instructor
directs.
Q
ERIC
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Teacher direction A - 31 (continued)

This activity will be the first proof that growth is really occuring.

_Students will be amazed st the growth that has taken place. The heart

should be beating and the outline of the chicken will be seen. It 1s
important that the food {chemicals) is being consumed and used. Heat is
also critical or the reactions will. stop, and death will occur. Use the
terms proteins, carbohydrates, and fats at every opportunity.

TODAY WE ARE TO OPEN THE EGGS FIVE (5) DAYS AFTER INCUBATION HAS
BEGUN. IT IS IMPORTANT THAT YOU USE GOOD TABORATORY TECHNIQUES. REMEMBER
TO .CRACK THE EGG GENTLY ON THE LARGE END, THEN PEEL THE SEELL BACK CAREFULLY.
EACH GROUP IS TO PICK UP ONE EGG AND FOLLOW DIRECTIONS AS THEY ARE WRITTEN.
BE SURE TO MAKE AN ACCURATE DRAWING; IF YOUR EMBRYO HAS NOT STARTED TO
DEVELOP, SEE ME AS QUICKLY AS POSSIELE FOR ANOTHER EGG. WHY MIGHT SOME
EMBRYCS FAIL TO DEVELAP? DO NOT PLACE THE EMBRYO IN A PETRI DISH WITHOUT
FIRST ADDING WARM WATER. NOTICE TEE SIZE OF THE YOLK TO SZE IF THE EMBRYO
IS USING ANY OF THE PROTEINS, CARBOHYDRATES, OR FATS AS FOOD. SELECT ONE
MEMBER OF YOUR GROUP TO REPOET WHAT YOU (BSERVE.

Fass out A - 31.

Work very closely in- supervising this activity. Continuzlly ask
questions and encoursge students to observe other group's specimen,

" After completion of the activity reassemble for a class discussion.
Using the prepared acetate for A ~ 26, go over the activity and drav in
the changes that have taken place. If some one of the students likes to
draev ond has good results, let him draw the changes on an acetate prior to
the cless discussion.

During the discussion set the étage for testing proteins, carbohydrates,

and fats. This can be accomplisbed by stressing the need for food by che
embryo. Use the terms carbohiydrates, eugar, starch, proteins, and fats:at

every opportunity.
TEACHER DIRECTION A - 32
PROTEINS

Materials for groups of three:

1. Hard-boiled egg (unfertilized) 4, Alcobol burner
+ 2, Nitric acid, concentrated . 5. Ammonium hydroxide
3. Test tube

The following test is a standerd test for proteins. The chemical
reaction will give a yellow color. It is important to remember that Nitric
acid is DANGEROUS., Note: alwsys add ecid to water when diluting. Iet the
students hard boil the eggs the day before the activity or before class
time. Make sure the eggs are hard boiled by toiling them at least 15 minute:.

.
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STUDD A-3

FIVE DAY EMBRYO
Materials for groups of three:
1. Egg . 5, bk paper towels
L 2. Yorcepe. 6. Luke warm water
F 3. Scissors’ 7. Ruler _
g k. Petri dish 8. 250 ml besker

!ourewmmuthemc\matorforﬁvedan What do you
thinkhumenodt Is the heart beating? Istheeubryoeatingroodt Is
theyolkmytnller! Take s look and see!

Cnektheeumt]:onthemgeendmdmalloftheshenyou
eanberore‘breakmgthc“mc. After removing the shell, cut the membrane
' vithymscumandpourtheegsintoapetrimhthat contains werm
water. mMﬂterwmpmentthecoolingorthem‘bryotoofastand
will prolong the life of the exbryo for examination.

Wtowrkmrthamertmhandpetﬂwhatalltmes.

lhkesmorthaegsmdhbelthepartsasmdmmthelast
activity, A - 30. Then auswer the questions at the end of the activity.

Selectoneuerofyourmtoreporbmtmobsem.
lhkeymrdrmandmelthepamnere.

g
|
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STUDENT A -3l
Pege 2

Answer the following questions:

1.
l. . 2.
o

T..
8.

9

What is the temperature of the water in the dish?
How many times each minute is the hearb beating?
As the temperature of the water goes down, what haprens to the rate

. of heart beat?

A
Bow would an incresse in the temperature of the vater affect the rate
of heart beat? '

Measure the embryo. How long 1s 1t? inches.
Were the eyes starting to form? '
How can you tell? '

Can you see any blood vessels?
where are they located? ’

Is the enbryo alivel -

How can you tell?

Record the following informatior.
8 Temperature in the incubator.

b. Number of eggs 6pened todey by your groupe

c. Date / /

d. i)o you think your eggs are developing as they shduld.?
How can you tell? '
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‘Teacher direction A - 32 (continued)

1

APROTEHWISACHBEGALSIBSTANCETHATCANBEIISEDMFOQ; THE LACK
OF CERTAIN PROTEINS IN YOUR DIET WILL CAUSE DEATH. SO  THE YOUNG CHICKEN
EMBRYO MUST HAVE PROTEIN. IEP'STESTFORPROHENSANDSEEIFTEEMGEAS

r’ PROTEINS PRESENT. LET'S GO OVER THE DIRECTIONS FOR A=32 TOGETHER. WE ARE

GOING TO USE CONCENTRATED NITRIC ACID -AND IT IS DANGEROUS. IF YOU GET ANY
ON YOU, TELL ME TMMEDTATELY, YOU MUST USE EXTREME CAUTION. THE ACID WILL
REMAIN ON THE INSTRUCTOR'S DESK AT ALL TIMES AND ONLY BE USED UNDIR TEACHER

DIRECTION.
' 4

Pess out A - 32. '

Read the directions with the students., Moke sure they know vhat to
expect., Two ml of nitric acid is to be added to some chips of egg white in
a test tube and heated gently over an alcohol burner. It should turn yellow.
To deépen the color, add a 1ittle of ammonium hydroxide and watch the yellow
turn to an orange coOlor. -

If the students get any of the acid on their skin, it will twrn yellow
indicating they have protein in their skin. Wash the hands in water with
soap. The yellow spots will wear off,

After the students complete the activity and clean up the leboratory,
reasgenble for group reports and a class discussion, Go over the material
and snswer any questions- that mey arise, Stress the heat relationship in
the incubator and reactivity of the chemicals. Also mention that chemical

reactions give off heat and thip adds extra heat from which the organisms
can use for energy.

Allow the students to observe eggs in the incubator each day.
TEACHER DIRECTION A=-35
CARBOHYDRATES

Materials for groups of three:

1. Test tube 5. Plece of bread

2, Alcohol burner ' . Benedict'ssolution

3, Karo syrwp 7. Todine (diluted with alcohol)
k., Piece of potato 8. Scalpel _

Carbohydrates, like proteins, are one of the chemicals used for food.
A weéll balanced diet requires cerbohydrates. The tests are very simple and
very good resulis can be anticipated, The tests are s follovs:

SUGAR
Benedict's solution + Karo syrup (sugar) + Heat ewwm=p  Copper color

STARCH .
Todine solution + Bread or Potato (starch) e Deep Purple Color

o . ) _ N
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Materials for groups of three:

1. Hard-hoiled egg . Alcchol burner

4
2. Nitric acid, concertrated, (ENO;) 5. Ammocium hydroxide (}mhon)
3, Test tute T :

" The test for protein is a simple test. FProteins ere ‘iarge molecules
41t are found in every living organism. Orgapisus have different quantities
o?f proteins but they all have proteins, Scientists believe that the energy
and the abilities of people arc based on the proteins within their bioloszical
system, Ceritainly, much has been and is being done to inwestigate these
relationships., It is certain, however, that the lack of certain proteins
my cause illness cr deati. |

" mme following %est is just one of the meny tests for proteins. If
you are interested in other tests, a good book for reference is A Sourcebook
for Biological Science by Evelyn Morholi, Paul F. Praendwein, and Alexander
Joscph, published by Harcourt, Brace, and World. Your librery should
contiin this book. ILook in the index under “Protein Tests" to find the
page number vhere the tests aresflocated. '

The following test is to be performed on the white of an egg that has
been hard boiled. Remove several small pieces of the albumin and Dlace them
in a ‘test tube. Then add a swall quentity of nitric acid o the test tube.
After addine the acid, light the alcohol burner and heat the contents of
the tube ver; slowly by moving the test tube back and forth through the
flame. Always remember to point the mouth of the test tube away from
yourself and your partner. If proteins are present, a yellow color will
appear .on the slbumin. After the yellow color cppears, let the test tube
cool and add a 1little smmonium hydroxide.

A resction may be written for this experiment:

'Nitric acid + Protein ===  Yellow color

+

Armonium hydroxide ee=sefs Orange color

[ N R R T s ot ST R S S N o0 25\
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STUDENT A~ %2
Page 2 '
When you bave finished the experiment, answer the following questions.

2

A

1. Te protein present in +he albuwnin?

Bow do you know?

2. Why is heat needed to cause the reaction of proteins and nitric acid?

% Do,.you think the chicken embryc uses some of the albwmin for food?

Why?

L, Do you think the white of an egg is good in your diet?
Why?
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Teacher direction A - 33 ( continued)

A corn starch solition can also be used in place of the potato or the
bread. Corn starch will Ye used later to ghow enzyme reaction and it
1s suggested that the corn sterch not be used at this time. :

WHAT THREE FOODS HAVE WE TALKFD ABOUT? (Proteins, carbohydrates and
fate) WﬁAT IS THE TEST FOR PROTEINS? Discussion, review test, LEL'S
TEST FOR CARBOHYDRATES. CARBOHXDRATES.AIE DIVIDED INTO TWO GROUPS, SUGARS
AND STARCHS. BOTH ARE SOURCES OF ENERGY.

There is danger 4n the use of Iodine and Benedict's solution if taken
internally. Perpanent staining will occur if lodine gets on clothes. Some-
times alcohol will prevent staining if applied 14iberally and immediately.

Pass out A -~ 3).

Tet the students read the directions and work independently. Circulate
among the groups correcting techniques and asking questions.

APter the students complete the activity, reassemble for a clags
aiscussion. Go over the meterial snd answer any questions that mey arise,
:) Stress the heat relations 1a the incubator and the reactivity of the chemicals.

TELL ME SOMETHING, WHATWGKDHAPMIFYOUSPIILED TODINE ON YOUR

SHTET? It would twrn purple and prove starch was present. WHAT WOULD HAPPEN ,

TP YOU SPILLED BENEDICT'S SOTUTION ON YOUR HAND? Nothing, heat must be

added to start the reactlon. WHAT WOULD HAPPEN TF YOU SPILLED NITRIC ACID

ON YOUR ARM? It would turn yellow proving proteins wevre present. '
The next test will be for fats. This test is not very dramstic, bub

extra time can be used wisely in preparing for A - 33

TEACHER DIRECTION A-3 .

‘ FATS

Materials for groups of three:

1, Olive oil 4, Carbon tetrachloride (CClh)
2, White paper towel 5. Hamburger meat )
3, Test tube . 6., Fye aropper

This activity will show a simple test for fats. Many different types
of fats can be usedj mineral oil, fat meat, hamburger mest, lard, cooking
0il, cooking grease, etc. The fat will leave a translucent spot on the
ﬂ paper towvel that is readily observable vhen held up to the 1light. Water

will also cause a translucent spot, but will nct be peruanent after drying.
The students should be werned concerning this factor, and a drying period
allowed. Using small quantitics of the food samples will reduce drying
o time.
ERIC
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STUDENT A - 33
CAKBOHYDRATES

Materials for groups of three:

1. Test tube 5, Piece of bread

2. Alcchol burmer 6. Benedict's soluticn
%, Karo syrup 7. Todiue solution

4, Piece of poteto 8. Scalpel

We are considering three basic food substances, called protelins,
carbotyarates, and fats. We know how to test for protein, 8O now let's
consider the test for rgrbohydrates. Carbohydrates are divided into two

oups called sugars and starches. Iet's consider each sepsrately.
‘ Y

Test for sugar

(btain some Kaxro s¥Iup from your instructor in o test tube., Add four
drops of Denedict s solution to the syrup. Is there a reaction? Next, heat
the syrup and Benedict's solution over the alcohol burner by pessing the
test tbe in and out of the fluwe Very slowly. Remember to keep tle test
tube poluied away from yourself and your partner, You will see & Vvery
definite color charge.. . '

Whet color did the mixture turn?

Vas heét neoded? What does the heat do?

What color is the Benedict's golution?

Do you believe copper is in tie Penedict's solution? Why

-3 .

Test for starch
Remove & smell plece of potato with & scelpel and place it on a paper

towel.' Add oze drop of lodine golution., Next, place a small plece of DLiread
peside the potato and add one 4rop of iodine solution to the breed.
. What color did the pota%o tarn? The bresad?
What color is the icdine solubion? '
If no starch waé present, what color would you expect?_ why?

T£ you had tosst, pancekes, nrd epgs 10T breskfast, would you have starch,

suger, and probeing? Bow do you know?

when you 2lenn up yoin' laborstory, mke sure all of the iodine 1s removed
feom the teble. XL y - cannot wipe it wp, aleohcl will remove it.
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Teacher directions A - 3% (continued)

WE HAVE TESTED FOR TWO OF T4E THEEE FOODS WS HAVE TAIXED ABOUT --
PROTETNS AND CARROHYDHATES. WHAT IS THE TEST FOR PROTEIN? (Discussion)
WHAT IS THE TEST SOR SUGAR? (Discuseion) WHAT IS 108 TEST POR STARCH?
(Discussion) NOW, LEP'S TEST FOR FAT. 'THE TEST FOR FAT IS TO PUT AN
UNKROWN MATERTAL ON WHITE ABSOWBANT PATER AND AILOW IT TO DgY. IP AFTER
DRYING, A TRANSLUCENY SPOT REMAINS THRGUGH VETCH YCU CAN GEE MORE LIGHT
PASSTNG ‘EROUGH, THEN FAT IS PRESHNT. I ZHE SFOT GOES AWAY WHEN T I8

/7 DRy, THEN #&T IS JOT PRESTNT, {Discussion)

Pass out A - 3k

28 There arve reclly two tests. One is Just placing olive oil ca a paper

towel, walt 10 minutes, then look at the srot., The second test 15 %tc use

a solvent to remove the fat, carbon tebractloride, and then Sesting the
mixture., The cerbon tetrachloride will evaporate leaving o transiucent

gpot of fat on the paper.

YOU HAVE BEEN GIVEN THE ACTIVITY TC DETERMINE IF FAT IS PRUSENT, THERE

ARD TWO TYPES OF FATS, CATURATED FATS WIICH ARE SOTID AND PCLY-UNSATURATED
FATS WiITOE ARE CILS, OR I1IQUIDS, Discussion. YOU ARG 'TC TEST #0R FOUTH.
FOILLOW THE DIRECWIONS CLOSELY. (Discussion) Tell the students to read

+he direchions and procesd to test for lats.

O ' Afber the students complete the sctivity, rogsssenble for a class--

TRy

s st b g

L e Atk Sy

disensgion. Discuss the resulis of the taeshs for fats, The eggs are to
be opened the rollowlng dzy and the students will be testing the eggs for
proteins, carbohydrates, and Iats.

If some students finiskh early, they can begin preparing for A - 35.
A1l of the specimen jars should be checkad and forumldenyde prepared tor
use, Also, the specimen Jers will be sealsd with paraftin. 4 metal coffee
can and a hot plate can be uscd. Huve tae naoffee can hslf full of water
and chip sbout cne-+walf & bor of paraffin into the water. The lids of the
specimen bottles will be seaiad by dipping &he 1id and a small portion of
+he botbtle 2n the paraffin-water.

Tt will be advantageous te wse student help in pregaring for the futurs
laberetory activities with the cldek embxyo. PSUS Fatberns and Processces
is a good reference for the bescher but not muach hoip for the student.
BSCS Inquiry into Life (yelicw version} te a pood cechnicel reference for
embryology. Kuowledge concerning ermiryology will ensble the teucher to
shimulete fnbersst in roading @ vell ss guestioning. A meat useful
reference is A Sourcebock for Biloisgical Science by Morholt, Brandwedn,
and. Joseph, puhiished by farcourt, Irace, and Woxrld.

B s e it il e



Materials for groupe of three:

1. Olive oil , L. Hamburger meat
2. White paper towel 5. Carbon tetrachloride

3, Test tube 6. Nye aropper

This 1s the final test for the three foods ve are considering. Fats
mmﬂhumdmmm;mommmmunumwm
fats and the solids which are called ssturated fats. TMat mtuasou.d
and is called a ssturated fat. Olive oil is a liquid and is called a
polyunsaturated fat. mmwnmmmcmmmtuw

amount of hydrogen present. :Bytheaddit:lan of Rydrogen, unsaturated fats
becmsolmeuchucookingfatnmmrm Mpeoplemmtmuted
in these two types of fats due to heart conditions.

Piret, you will £ind how to test for oils end fats by placing some
olive oil on a paper towel, It forms a translucent spot through which
light resdily passes, If the olive oil coutalus weter, a waiting period
will have to be observed for the water to evaporate,

Nunber the .corners of the towel from one to four. In the corner “mnberec_

one, place one drop of olive oil. In the corner nusbered two, place a drop
of water. After placi.ngthadrops on the peper towel, laythetoveldown
on the table, unfolded, andwiththen\nbers up. This is to allow the i
water to evaporate. :

¥hile you are waiting for the water to evaporate you can begin the
second test for an wnssturated fat. FPlace a small piece of hamburger meat
in a test tube, AAdd ten drops of carbon tetrachloride, Remove the hawburgex
from the test twbe with your pencil, Four a few drops of the remaining ligul

onthepapertmlmcomermmborthru. .
_Test peanut butter or crushed. p«mxbs for fats in the am mer, ‘and
phce the liquid on corner numbér four.
All of the corners of the paper towel should have a drop of something
on them, If fat is preunt. , & translucent spot can be .readily sean when
you hold the towel up to the light. ‘

St e Lt g L
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STUDEST A -3k 123
e 2 3

Do you have fat in the following places? - ' 3

TESTS FOR FATS . .
Corner Number .
one (Olive oil)

Indicate in the tgble below how you can test a food substance like the
white of an egg for ti presene_e of protein, fat, sugar and starch.

nm e

JAruiToxt provided by ERIC
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TRACHER DIRECTION A-35
NINE DAY EMBRYO
Materials for groups of three:

1., DPetri dish 5. Ruler

2, Scissors 6. Iuke warm water
3, &4 paper towels * 7. 1 specimen dottle
k. Forceps ‘ 8. 250 ml beaker

‘ /

The development of the esbryo wiil be exténsive., Most of the body
will be formed and many blood vessels vwill be in evidence. The students
will have no trouble in recognizing the dlood. A mesbrene holding weste
material, called the alantois can be seen. The amnion, a membrane covering
the exbryo, will also be readily visible. Do not use these terms as they
will only detract from the physical phenomencn being stressed, These
mexbranes can be referred to as the mesbrane covering the embryo (amion),
and the (alantois) as the mesbrane forming the septic tank. Another easily
observable structure is the tube attached to the stomach of the embryo
leading to the yolk of the egg. This is equivalent to the umbilical cord
in the human. The point of attachment corresponds to the navel in the
human, '

TODAY WE OPEN ANOTHER BGG: IT HAS BEEN 9 DAYS SINCE INCUBATION
STARTED. . mmmummmm. REMBMBER TO CRACK THE

.,
-

LARGE END OF THE E0G GEWILY, THEN PEEL THE SHELL AVAY LEAVING ONLY.THE
MBEEANE. FEMOVE AS MUCH OF THE SHELL AS POSSIBLE BEFORE POURING 'THE
BMERYO INTO THE WAHM VATER IN THE PETRI DISH. AS BEFORE, YOU ARE TO MAKE
A DRAVING AND IABKI THE PARTS. (Discussion) WHEN MEASURING THE MMBRYO,
MEASURE ATONG THE BACX OF THE BMERYO. THIS TIMS YOU SHOULD EE ABLE 7O SEE
A MBERANE COVERTNG THE EMBRYO (AMNION) AND A SEPTIC TAMK (AIANTOIS). I BEE
YOU CAMNOT FIND. THE SEPYIC WANK! . -

The students are to cbtain specimen bottles to preserve the better.
specimens. It will be obvious that some are not good specimens and should
be discarded. Make sure the students label the jars properly giving
student names, stage of development, date of opening, and the title
"Chicken embiryo". A 10§ formaldehyde solution (formalin) or alcohol may
‘be used as the preservative. It is recommended that a collectiom of the
enbryos ‘at different stages be made and compared to shov how the embryo
" develops.

Pass out A - 35

' fhe students are to begin removing the shell and place the contents
of the egg into a petri dish containing luke wvarm water., It will take most
of the period to draw and label the contents of the egg. As the stuldents

are working, pass among the groups asking questions.

After completing the activity, meke sure the specimen bottles are
properly sealed. ALl spillage should be cleaned well., The contents of
the eggs should be discarded. .
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Teacher direction A - 35 (continued)

Y
¥,

I¢ some of the students want to make an acetate, let them draw a
picture of their results, then use this acetate to lead a discussion,
If the students do not make an acetate, use the prepared acetate, Discuss
the embryonic development. Point out that food for the embryo is the
albumin and the yolk. Therefore, the quantity of albumin and yolk is
reduced., Air is diffused in and out of the egg through the shell and the
menmbrane next to the shell. Also stress the protein carbohydrate, and
fat relation as food. . * .

TEACHER DIRECTION A - 36
lhter;ﬁ;h for groups of three:
5 . 1. Small tin can - 5. Pin o S

2. Cork -

The term calorie is widely used, but few understand its importance.,
People on diets are generally "calorie counters” and use this as a basis
for determining what to eat. This activity will sbow some of the aspects
and measurements of calories. A calorie is the amount of heat required
to raise the temperature of one gram of water ome degree centigrade. A
1arge Calorie is the amount of heat required to raise the temperature of
a liter of water one degree centigrade. Diets are measured in large
Calories. An adult needs from 2000 to 3000 Calories per dsy. Both wnits
are measures of heat energy. 1 C = 1000C. This activity is not very"
accurate due to heat loss to the atmosphers, but the jdea of heat energy
and heat content can be shown.

The students should bring in small tin cans the day before you begin

- this activity. This procedure requires that the students cut an upside-

: down "v" in the side.of the can that lias one end cut out. The size of

g the "v" should be large encugh to slide a cork in and out of the can with-
E out touching the side. A hole should be cut in the top of the can the.size
3 of a test tube. Then small air holes should be randorly made in the top
Of the can. ¢ : . *

The atudehts will measure the calories of heat energy relessed when

small samples of food are burned beneetk a test tube containing 10 grams -
(n13liliters) of vater, . ‘

.
DRI

) llut‘

Pin

4 Vater

k- - Cork 10 mils.
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STYDENT | A-~35
O DAY EMBRYO
Materials for groups of three: |
1. Petri dish- . 5. Raler
2. Seissors 6. Iuke warm water
3. 4 paper towels ' 7. Specimen bottle
L, Forceps 8. 250 ml beaker

Your egg has now been in the incubator for nine days. What do you
think has happened? Can you predict what you expect t0 see when you remove
the shell? Will the heart be beating faster or slower than in the five
day old enbryo? wm. the amount of yolk and albumin be the same as before,
or will it be lesa‘z Let 's £ind out by opening the egg as you did in the
five day 0ld embryo.

Crack the egg gently on the large end and remove all of the shell you
can before breaking the membrane. After removing the shell, cut the
menbrane with your scissors and pdur the contents of the egg into a
peti'i dish that contains luke wvarm vater. The warm water will prevent
the rapid cooling of the embryo and prolong the life of the embryo.

member to work over the paper ‘tovels and petri dieh at all times.

Make a drawing of the egg and label the parts as you did uefore.
A comparison with your last drawing will be a surprising event. Many
changes will be noticesble. Make your draw:l.ngs and label the parts
belov. :
Select cne member of your group to report your o'péemt:lons.
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STUDENT A - 35
Page 2

How many times each minute 18 the heart heating?

AN I o

Is' it beating slower or faster than the Tive day old cmbryo? 5

If you cannot see the heart, is there any way you can determine the nanber
of heartbeats? How?

Measure the eubryo. How long is it?
Are the eyes well formed? '

Describe what you sec.

Can you recognize any parts other than the eyes and heart forming?

If you do not lmow what some of the parts are, ask your instructor for '
N

a reference book. Tist the parts below.

1. Is the embryc alive? How can you tell?

2. Record the following information:
8. Tempcrature in the incubhator

b. Number of eggs opeped in your group

c., Date eggs were opened

d. Do you think the eggs are developing as they shouléa?
How can you tell? '

NOTE: Bring a small tip can GtomOrrow.
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Teacher direction A - 36 {continued)

A prepared ascetate is usefnl in demomstrating the vrocedure. This
activity will only be concerned with the preparation of the can to act as
a calorimeter. BSCS Patterns and Processes is very good reference for
students as well as teachers, ‘fhe can rust have air holes at the top or
burnirg of the nuts will not be complete. The triangle at the bottom serves
two purposes, to allow an air draft and ease of inserting the cork and
burning nut. If the nut does not burn until charred, it is an indication
that the air draft is not sufflcient.

WE HAVE TAIKED AT LENGIH CONCERWING HFAT AND FOOD. THE HEAT OF THE
BODY AND THE CHENTCAL REACTIONS THAT TAKE PLACE ARE VITAL IN MAINTAINING
LIFE. SCIENTISTS USE A TERM T0 EXPLAIN THE FOOD AND HEAT RFLATICNSHIP.

JT IS CALLED A CALCRIE. HOW MANY OF YOU MAVE HEARD THE WORD CALORTE? The
students should have heard of low calorie food like Metrecal, Sego, ete.

.
2% & : . 2
TRETAR AR S W

e

Low calorie bottled driuks are also on the market such as Teb, Fresca,e’l:on ]
3 Alcoholic beverages are high in caglories.” HOW DO SCIENTISTS DETERMINE HOW
MANY CALORTES ARE TN DIFFERENT KINDS OF FOODS? Do not expect students to 3
know the answer. Hest energy is the key concept to be concerned with

regarding calories. SCIENTISTS DEFINE A CALORIE AS THE AMOUNT OF HEAT

REQUIRED TC RAISE THE TEMPERATURE CF ONE GRAM OF YATER ONE DECREE CENTIGRADE. .
3 THESE CALORIE UNITS ARE JUST 1/1000 THE SIZE OF THE FOOD CALORIES USED IN
MEASURING HUMAN DIETS. Discussion. One gram of water occupies a volume

of one milliliter. HOW WOULD YOU MEASURE OR "COUNT" CALORIES? Discussion. | :
WHAT MATERIALS WOULD YOU NEED TO CARRY OUT THIS EXPERIMENT? Thermometer,
3 test tube » heat emitied from the waterial in question, and water. OUR NEXT “
‘ ACTIVITY IS A WAY TO MEASURE CALORIES. WE ARE GOING TO USE TIN CANS, TEST
:f TUBES AND CORKS 70 MEASURE THE CALORIES IN A PECAN AND A PEANUT.

3 e S nsaard e £ o

Pass out A ~ 36,

THIS ACTIVITY IS DIVIDED INTO TWO PARTS: PREPARING THE CAN TO BE USED
AS & CATORTMETER, AND THEN ACTUALLY DETERMINING THE CALORTES BY FECORDING
TEMPERATURE CHANGES IN WATRR. IT IS IMPORTANT THAT WE FOLLOW DIRECTIONS
ACCURATELY. ‘i

Place the prepared acetate on the overbead projector. It will be
important to explain each step to the students. The preparation of the can
is required to prevent excessive loss of heat. A needle is pushed through
a cork with the point exte=nding above the top of the cork as shown on the
acetate. A small piece of a nut, spproximately 1/L of 1/2 of the meat of
the nut, is placed on the needle point. The nut is to be ignited with a
match and placed under the can through the "v" shaped opening. The hole
cut. in the top of the can should be the size of the test tube. A good
vay to make this opening is to cut en "x" in the top, then push the test tube
through the opening until it is about 1/L inch above the nut on the cork.




Peacher direction A - 36 (continued)

The steps to follow are:

1. Cut out one end of tha can.

o, Cut a "v' out of the side of the can iarge enough for the cork
/ and nut to pass through.
%, Push a pin or ncedle through a cork.

L. Cut an "x" in top of the can and insert the test tube.

5, Punch several holes at randoa in top of the can with a sharp c¢bject.
3 Leave the prepared acetate on the overhead projector while the students
prepare their cans. Explain the terms calorimeter and milliliter but do not
g0 into great detail. An understanding will be obtained through the use
of the calorimeter and the gradusted cylinder. Check the preparation of

each can.
_ After completion of the cans, store them for the next day.

i
st oz

TEACHER DIRECTION A-37
CALORIE COUNTING

Materiasls for groups of three:
- 1. Calorimeter and curk
2, 1/2 pecan

3, 1/2 peanut

%, Thermometer

. Matches
Test tube
. Uraduated cylinder

-~ O\
.

N '
ST L - gh, W S o) S

TODAY WE WITDL DETERMINE THE CATORIES IN A PEANUT AND IN A PECAW.
REMEMBER THAT A CALORIE IS THE AMOUNT OF HEAT REQUIRED TO RAISE THE TEMPERA-
: 'TURE OF ONE GRAM OF WATER ONE DEGRFE CENTIGRADE. WE SHALL MEASURE THE HFAT
| ENERGY IN SMATL CALORIES. IT WOULD TAKE 1,000 OF THESE CALOEIES TO EQUAL
1 ONE CALORTE USED IN PLANNING HUMAN DIETS. READ THE DIRFCTIONS CAREFULLY.
BEFORE YOU BEGIN, LET'S CONSIDER SOME OF THE IMPORTANT ASPECTS OF THIS
ACTIVITY, THE STEPS TO FOLLOW ARE:

1. MAKE SURE YOU BAVE YOUR CAN AND THE CORK YOU ASSEMBLED YESTERDAY.

.5, MAKE SURE YOUR TEST TUBE IS 1/2 INCH ABCVE THE POINT OF THE PEN.

) 5. MAKE SURE THE NUT IS ATTACHED TO THE POINT OF THE PIN SECURELY

g BEFORE TGNiTING.

" %, RECORD THE TYMPERATURE OF THA WATER BEFORE IGNITING THE NUT.

5, MEASURE TEN MILLILITERS OF WATER AND POUR IT INTO THE TEST TUBE
REFORE TAKING THS TEMPERATURE OF THE WATER.

| YOUR ACTIVITY DIRECTIONS GIVE YOU STEP-BY-STEP DIRECTIONS. FOLLOW

3 THEM VERY CLOSELY AND RECORD THE DATA REQUESTED.

Pass out A - 37.
After completion of the activity reassemble for a class discussion.
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STUDENT A - 36

CALORIES

Materials for groups of three:
1. Small tin can
2, 1l cork
3« 1 straight pin or needle

Your tin can will serve a very good purpose in determining the
amount of calories in a peanut and a pecan, Before you can determine
the calories you must prepare the can. In this activity you are to
prepere the can to be a calorimeter and then determine the calories
in the next experiment,

A prepared acetate will give you a diagram to go by. Follow
directions very closely and do not get cut by-the sharp edges.

It 1s important that you plan exmctly what you are going to do

_in this activity. You are trying to find out how much heat energy is

given off by a pecan and a peanut when it is burned. The tin can will

" help trap this heat energy and the water to be placed in the test tube

will absorb the heat. The absorbed heat then can be measured by a
thermometer. It will be important to ignite the nuts with a match then
very quickly push the nut in the can.
Questions of importance are:
1. Is the "v" cut in the bottom of the can large enough for the
cork to pass through easily by sliding the cork?
2. Is the bottom cut out of the can?
3. Does the test tube fit tightly into the top of the can?
« Lk, Is the test tube about 1/2 inch above the point of the needle?
5. Are there enough holes in the top of the can?
6. How much is 10 ml of water?

. i et e
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Teacher direetion A -~ 37 {continued)

At this point it will be necessary tc attempt to tie all of the material
together. The fellowing activities will consider digestion and it is important
that a good understending of heat, proteins, fats, and carbohydrates be
exhibited by the students. The immediate problem of discussing calories

3 should lead into the understanding of digestion. The chemical reactions of
biology are the sources of hest and are therefore directly related to the
chemical substances of proteins, carbohydrates, and fats.

Use the prepared acetate and discuss the findings. There will be
variations in the results. This will be obvicus in the discussion. Explein
these variations through class discussion of the procedure. If an extremely
high reading is reported, it will probably be due to the cork catching on
fire or reading the wrong scale on the thermometer. Some of the reasons: for
the wide variastion in results will be:

1. Ioss of heat through the tin can.

2. 1loss of heat while lighting the nut before it is placed in the can.

3. Inaccuracy in reading the thermometer (must be centigrade)

b, Inaccuracy in measuring the quantity of water.

5. Cork catching or. fire,

6. The number of holes in the can permits the heat to escape too

rapidly. .

T. DNut going out before completely buraing.

8. Not using same size piece of nut.

After dlscussing thece aspects, discuss the idea that the body develops
heat cnergy by chemical processes and therefore maintains its temperature
of 98.6°F which is most favorable for maintaining ‘the proper chemical
activity for life.

TEACHER DIRECTION A-38

BODY MOVEMENT AND TEMPERATURE

Materials for groups of three:

l. Ice 3« Thermometer
2. ILarge beaker, 600 ml

This activity should demonstrate the rclation of very cold wat‘:er and
the functions of the body. It 1s obvious that placing one's hand in cold
water causes something to happen that is uncomfortable. The heat energy
transfer will be from the body into the foreizn medium if the medium is
colder than the body. This activity should demonstrate this idea.

WE HAVE DISCUSSED AND INVESTIGATED HEAT AND HOW TO DETERMINE CALORIES.
LET'S NOW LOOK AT WHAT HAPPENS WHEN WE ARE PLACED IN A VERY COLD SITUATION.
WHAT WOULD YOUR BODY DO TO MAINTAIN ITS NORMAL TEMPERATURE? React in ways
thet tend to conserve its heat energy. List all responses on the overhead
projector, LET'S FIND OUT WHAT YOUR HAND WOULD DO IF PLACED IN A FREEZING

CONDITION. BY THE WAY, AT WHAT TEMPERATURE DOES WATER FREEZE?

'WWWWWWW
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STUDENT A =37

CAT.ORIE COUNTING
Materials for groups ¢f three:

1. Calorimeter and cork 5. Matches
2, . 1/2 pecan _— : 6. Test tube
3. 1/2 peanut 7. Cradusted cylinder

k. Thermometer

J Rerenber that a calorie is the amount of heat energy required to
raise the temperature of one gram of water one degree centigrade.
f Follow the directions very closely. After each step, record the
data in the table 1f there is a space provided t~ write it.
1. Place the calorimeter upright, insert the test tube and adjust
1t so that the tube is 1/2 inch above the point.of the pin.
5. Obtain 10 ml of vater and pour it into the test tube.
3. 3reak the peéan into four pieces and place one piece on the
needle., . '
4, Record the tempersture of the water in the test tube.-
) 5. Ignite the nut end immediately push it through the opening in
3 the can directly under the test tube.
6. Record the temperature of the water {mmediately when the fire
goes out, |

Repeat these same steps for determining the calories in a peanut.
Try to obtain a piece of the peanut the same size a8 the plece of pecan
used the first time. Record the data in the table on the next page.




STUDENT
Page 2

Date Sheet

PECAN

Temperature of water

before lighting the

pecan °C
Temperature of water

after the pecan quits

burning °C

L]

Difference in temp. °C

PEANUT

Temperature of water
before lighting the

peanut °C -

Temperature of water
alter the peanut quits

burning - °C

C )

Difference in temp.

Divide the difference in temperature by 10 because there are 10 ml water.

Pm‘ Difference ig tegerature
PRANUE: Difference :lxiotey_xggrature -

Whick nut has the most caloriles?
How can you tell? -

Did the water boil?
your resulis?

- Did the cork catch on fire?

X

calories

calories

How would this ‘affect your results?

Iist several ways that you can meke this activity more accurate.

°C

If it did, vhat effect would this have on

Would this effect your results?
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Teacher direction A - 38 (continued)
Pass out A - 38, ' '

" Using a prepared acetate, discuss the procedure and instruct the
students to begin work immediately.

The students are to place ice in a beaksr half filled with water.
The ice is to be placed in the beaker and stirred with a thermometer until
the temperature reaches about 32°F, then remove the ice. The first sctivity
1s to submerge a hand without moving it for two minutes. At 30 second
intervals,; atudents are to record the temperature of the water., Starting
with the same amount of water at 32°F, the second activity requires the
students to move their hands by opening and closing their fingers for two
minutes while in the water, then recoxd the temperature of the water as
before. It will be obvious that more heat exchange will take place when
moving the hand.

The data sheet asks that each member determine the heat exchange, then
determine the average for their group. The students may need some help in
calculating the average.

. After completing the activity, reassemblé for class discussion.
Using the orepared acetate, calculate a class average and point out the
differences in temperature variation with regard to movement., It will
also be a good idea to compare hand sizes and temperature airferences.

Many other cless activities could be developed using different
materials as well as differing mediss. If time permits, students msy
devise other experimexts and txy them out.

TEACHER DIRECTION A-39
SIXTEEN DAY EMBRYC

Materials for groups of three:

1, Petri dish 5.. Ruler

2. Scissors 6. Iuke warm water

i-. Forceps 7. Specimen bottles
o L paper towels

. The methods are the same as used for the five-day embryo., The same
prepared acetate can be used. The embryo will show a great deal of
development. The students should be able to see that the embryo is looking
more like & chicken. Directions should not be extena:lve. Much time can -
be used in individual attention. ‘ .

Pags out A - 39. |
Reassendle for discussion arter the completion of the activity. This

is an excellent time for testing underatandmg Do not test until understandir

18 accomplished.

P
Lot . , .
R B B e 2 2 T et T S
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A-38

BODY MOVEMERT AND TEMPERATURE

Materials for groups of three:
1, Ice

2. large beaker (600 ml)
3. Thexrmometer :

The human body is really a magnificent machine, but it must run at
a ceriain temperature to operate properly. As we have already found out,
the chemical reactions give us the necessary heat energy, but how does
the body 'imow' to speed up or slow down the development of heat energy.
Many important questions concerning this very important question are now
being studied in research laboratories. Many of the answers still sre
not known. Scientists must teke small parts ‘of a larger question and
study them 1ndivmually. Later they put all of the smaller answers together
in order to answer the larger question. In this activity we will only look
at two small parts of the heat energy question. Iet's find out what the
hand does when placed in ice water, will the hand give off more heat if
you move your hand, or will it give off more heat if your hend is not
moved? ' You probably know the answer, but can you demonstrate it?

F111 s beaker half full of vater and place some ice in the besker.
Genfly stir the water and ice until the temperature reaches sbout 32°F.
Then remove the ice and stick your hend in the ice water for two minutes.
Have one of your lab partners record the time. YOU ARE TO KEEP YOUR HAND
IN THE WATER FOR TWO MINUTES WITHOUT MOVING IT. Record the data in the
13a’b1e on the next page.
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Bm A -
Page 2 3

Temperature vhen the hand is fixst
placed in the ice water °F

Temperature 2 minutes after the kand
is placed in the ice water °®

Temperature difference °F

STUDENT NUMBER TWO

Tempersture when the hand is rirst

placed in the ice water °F
Temperature 2 minutes after the hand

is placed in the ice water °F
Temperature difference - : °F

STULENT NUMBER THREE

M

Temperature when the hand is £irst

placed in the ice water ’r
Tenwerature 2 minutes after the hand
is placed in the ice water . . °F

Temperature difference | _°F

The data obtained can be more mesningful if you find an everage. 8o
add all of the temperature difterences and £ind out the average by dividing
the total differences by three. ‘

The average temperature differences is L °F. .

Remenber that this is the temperature change for no movement of the
hands. Next £ind out what the average temperature difference will be when
you move your hand Each student is to move his hand by open:lns and
closing his fingers oxly.

£y R c s § M il e Dbl i TAD DL sl S Raiany
v R g A S R R MR Y




‘ STUDEND | A -39
SIXTEEN DAY EMBRYO
Materials for groups of three:
1, Petri dish 5. Ruler
2, Scissors ' 6. Like warm vater L

3. Forceps T. Specimen bottles 4
k. &4 paper towels ‘ ¢

Your egg has now been in the incubator for 16 days. What do you think
has happened? Could you predict what you expect to see when ycu remove
the shell? Will the heart be beating faster or slower? Will the amount
of yolk and albumin be the same as before? Iet's f£ind out by opening the
egg as before and observe the embryo. '

Crack the egg gently on the large end ani remove all of the shell
you ¢an before breaking the membrane., After removing the shell, cut the
membrane with your scissors and paui the contents into a petri dish
containing luke warm water. The warm water will prevent rapid cooling
of the embryo and prolong its life. Remember to work over paper towels
and the petri dish at all times.

Make a drawing of the egg and label the parts as you did before. A
comparison with your last drawing will be a surprising event, Make your
drawing and label the parts below.




STUDENT
Page 2

Mt;asure the embryo. How long is it?
Are the eyes well formed? |
Can. you see any feathers?' What cclor are they?
Can you predict what colc;r the chicken will be? |
How can you make this prediction? |

» 0
N L IRy LT T L SN

A -39

Write a short paragraph describing what you see,

Is the embryo still alive? How can you tell?

Record the following information:

1.
2.
3.
k.

Temperature of the incubator

Number of eggs opened in your group

Date eggs are opened (today)

Do you think the eggs are déveloping as they should?
How can you tell? ‘

When do you think the chickens will hatch? days




TEACHER DIRECTION A-W
NINETEEN DAY EMBRYO
Materials for groups of three:

1, Petri dish 5 Ruler
2, Scissors 6. Iuke warm water
3. Forceps T. Specimen bottle

k. U4 paper towels

The development of the chick will almost be completed. The chick will
be very well formed and completely f£ill the shell. Instruct the students to
proceed as in the previous activities and follow up the activity with
discussions as before.

The eggs, if on schedule, will be hatching in two days. It will be
necessary to remove the eggs from the peper holders and place them in a
box in the incubator. The hatching chickens will need a place to walk
around for several hours after hatching to gain strength and dry out.
You and your students will have an extensive amount of preparation and
planning to determine how to best handle the newly hatched chicks,

 APter the chicks have hatched, the incubator should be thoroughly
cleaned with a formalin solution and aired out.

_ Many activities can be performed after hatchiug, such as observing
peck order, eating habits, evidences of imprinting, ete.

TEACHER DIRECTION A-4
BEGIFNING OF DIGESTION
Materials for groups of three:

1. Bread L, Benedict solution
2. Test tubes (2) 5. Corn starch solution (10%)
3, Jodine solution 6. Alcohol burner .

The first stage of digestion begins in the mouth. The chewing procesa
serves two purposes: (1) to expose more surface area of the food to saliva
and (2) to aid in swallowing. The first enzyme reaction occurs with the
contact of the saliva and the food. There is no need to siress enzymes
or even introduce the term, but if mentioned they can be defined as a
chemical that aids in digestion. The actual reactivity of enzymes is very
important and very complicated. The test will demonstrate that food is
changed in the digestive system by chemical reactions and this chemical
reaction is supported by mechanical means such as chewing. :

WE HAVE TAIKED ABOUT THE YOUNG EMBRYO USING PROTEINS, CARBOHYDRATES, AND
FATS FOR FOOD. LET'S NOW TAKE A LOOK AT THE WAY DIGESTION BEGINS. WHAT IS
THE FIRST THING THAT HAPPENS WHEN A PERSON TAKES A BIG BITE OF SOMETHING?
Chewing and introduction of saliva., The students will probably readily
think of chewing, but not saliva. If they did not mention saliva, then
suggest that a fluid in the mouth covers the food.
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STUDENT . A-U
19 DAY EMBRYO
- Materials for groups of three:
1. Petri dish 5. Ruler
2, Scissors 6. Iuke wvarm water
3. Forceps 7. Specimen bottle

b, L paper towels

Your egg has been in the incubator for 19 days. Wﬁat do you think
has happened? Predict what you expect to see vwhen you remove the shell?
Will the heart be beating faster or slower? Will the amount of yolk and
albumin he the same as before? let's find ‘out by opening the egg as before
and observe the embryo.

Creck the egg gently oa the large end and remove all of the shell
you can before breaking the membrane. After removing the shell, cut the
membraue with your scissors and pdur the contents into a petri dish
containing luke warm water, The warm water wili prevent the cooling of
the embryo too fast and will prolong the life., Remenber to work over .
paper towels and the petri dish at 21l times.

Meke a drawing of the egg and lsbel the parts. A comparison with
your last drawing will be a surprising cvent. Make your drawing and
label the parts below.
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Peacker direction A - 41 (continued)

SCIENTISTS HAVE FOUND THAT CHEMICAL REACTIONS BEGIN IN THE MOUTH.
1§ THIS ACTIVITY YOU WILL FIND (UT WHAT HAPPENS IN THE MOUTH. WE HAVE
PREPARED AN UNKNOWN SOLUTION (corn starch) THAT HAS ALREADY BEEN CHEWED
UP AND READY TO SWALLOW. I WAN! YOU TO FIND OUT WEAT HAPPENS AND TEIL THE
CLASS WHAT YOUR GROUP FINDS. IT WILL BE VERY IMPORTANT THAT YOU NOT TELL
UNTIL WE RETURN TO THE CLASS DISCUSSION AFTER THR ACTIVITY. IF ANOTHER
GROUP WANTS TO KNOW WHAT YOU FIND OUT, DO NOP TELL THEM, I WILL GIVE YOU
TWO CLUES., FIRST, THE IODINE SOLUTION AND THE BENEDICT SOLUTTON WILL BE
THE ONLY CHEMICALS I WILL GIVE YOU, SO YOU KNOW YOU MJST TEST FOR SUGAR
OR STARCH. SECONDLY, THE SALIVA MUST BE FURNISHED BY A MACHINE. Iave
tlie students begin as soon as .possible efter the clues, Attempt to be
somewhat evasive in order to have the students approach the problem,'
independertly. Be véry careful not to ignore the students to the extent 3
of preventing them getting sterted. = ]

3

Pass out A - U1,

After the students complete the activity, reassemblc for a cleass
discussion, Using the overhesd projector, develop the first stages of
instruction, The corn starch is rick in starch and lodine will readlly
prove this. The students cen spit into a test tube containing the starch
solution and warm it a few miputes, Sugar will be formed, thus showing
thet starch is changed into sugar in the wouth and is therefore the first
chemical reacticn of digestion. By discussion have the students to develop
the following formula. If necessary, write the forymla on an acetate for
their discussion. '

Starch + chewing <+ saliva = Sugar + saliva
Some of the salive is of course swallowed, but the remaining salivas

can ettack the next bite of food. The bread may also be used if the
students wish to pursue the activity further,

[
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STUDENT A-11

SEGLNNING OF DICGESTION
Materials for groups of three:

1. 2 test tubee h, 3read
2, DBenedict's solution 5. TUnknown solution
3, JYodine solution 6. Alcohol burner

When you eat, a very complicated process begins. Your strong teeth
tear and mash the food into small pieces that mekes the food easy to swallow.
Other things also take place. .Your mouth contains saliva that completely
bathes the food a8 you chew. Many years ago it was found that saliva 1s
s chemical cubstance that acts in digesfion. You are to £ind out what this
impoytant chemlical reection iz between food and saliva. Your instructor
will give you an urknown solution and you are to £ind out what happens
when it comes into contact with saliva. Do n;t drink this solution, but
uge test tubes to ‘test the reaction.

The activity will be in two parts, The first part is to determine
if the soluticn is a starch or sugar golution. The second part is to

termine what happens to the solutlon after you spit into the solution,

PART A

#4111 both test tubes about half full of the unknown solution. Label the
test tubes numbex 1 and 2. '
Test the material in test tube muber 1 for starch with lodine.
IS STARCH PRESENT? |

Test the material in test tube number 2 for sugere.
IS SUGAR PRESENT? ‘

vhat is the unknown solution, starch or sugar?
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STUDENT A - i1
Page 2

TART B

After washing the test tubes very thoroughly, refill them about half full
of the unknown solution. JIabel the test tubes 1 and 2. To both test tubes
add an abundant amount of saliva and shake the test tubes vigorously for
five minutes to mix the solutions very well.

Test the material in tube number 1 for starch.
IS STARCH PRESENT?

Test the material in tube number 2 for'sugar.
IS SUGAR PRESENT?

The unknown solution has possibly changed. If so, what change took place?

Write a short peragraph explaining what you have observed.

Try to write a formila showing what has happened.




Appendix 1 Ll

SUGGESTFD CALENDAR ¥OR STUDY OF CHICK DEVELOPMENT ¥

Tues.

Mon.. Wed., Thurs. Fri.
. Tntroduction Demonstration Continue Discussion of A =30
of Topic, Activity Nature of Material .OBSERVE |
p. 106 p. 107 Fg“;o,( YGGS PLACED IN urggmn.n
i (evaporation) = {NCUBATOR TODAY! §
‘ : p. 108 p. 111

OPEN AND

. OPEN AND OBSERVE Carbchydrates
. 5 DAY EMBRYO A-~33 OUBSERVE 9
A-31 EMBRYO
‘ A - 35
S p. 11k p. 120 p. 126
. Calcries Calories Calorie Body Movemént OPEN AND

A - 36 4 - 36 Counting and Temperature § OBSERVE
) A - 37 A - 38 16 DAY EM
- A - 39
p. 130 Pe 130 p. 137

B ke, ) PTS Fane P T

OPEN AND OBSERVE

Digestion
19 DAY EMBRYC A-4
A -.40

p. 140 p. 142

* A 21 consecutive day period without holideys or interruptions must
be had in order for development of the eggs to fit the school calendar.
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Appendix 2
MATERIALS AND APFARATUS

A. Materials for Small Group Lebtoratory Work

Materials For groups For class

of three of thirty
Beaker, 250 ml 2 20
Beaker, 500 ml 2 20
Burner, alcohol L 20
Burner, gas 1 20
Can, 1 gallon (Rectangular) 1 20
Cork, No. & - ' 1 20

1 inch dowling, 36 in.

(2 holes, 9 in, and 18 in.) 1 10
1/2 inch dowling, 12" . 1 10
Zye dropper pipette - 1 10
Pishing sinkers, 8 oz. 1 10
Fishing sinkers, b4 oz. 1 10
Flask, 500 ml 1 10
GCraduated cylinder, 100 ml 1 10
Jar, specimen 3 40
Hard wood, small block 1 10 ;
Monofilament line, 2k in. 1 10 ;
Paper towel 1 10
Petri dish 1 10
Ring stand 1 10
Rubber Band 2 20
Rubber Stopper, No. 4 1 10
Ruler, 12" 1 10 4
Test tube holder 1 10
Test tubes L 4o
Thermometers, F° and C° 1 10 3
Tongs , 1 10 %
Washers, flat; b oz. | 10 100 .
Washers, flat, 45/pound 10 100 2

Wire hooks, weignt hangers 2 _ 20
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Materisls and Apparatus (Continued)

B. Materiasls for cmés

Material T Quantity
Acetates, Clear 1 Box, 100/Box 20
Bathroom Scales . 1
Gradusted Cylinder, 500 ml. 1
Harcourt, Brace and World

Clsssroom Isboratory No. 6

(will supply 18 students) 2
Hotplate . 1l
Incubator 1
Optical Illusions (3M) 1 set
Overhead projector and screen b X
Thermo~-duplicator 1
Thermo-spirit acetates (3M-12T) 1 Box, 100/Box
Thermo-spirit Masters - 1 Box, 100/Box
C. Reagents for Class

y

Name Guantity

Alcohol, methyl or ethyl 2 gal.

~ Carbon tetrachloride 1 pint
Benedict's Solution k oz.
Dry ice 2 1b,
Ether, Petroleum 1 pint
Formaldehyde, 40% by Vol. 1 gal.
'Ice, chipped 15.1bs.,
Todine Solution 8 oz.
Karo Syrup (white) 1 bottle
Nitric Acid, Technical grade 1 1b.
Olive 011 ' 4 oz.
Parafin, Wex 1 1b,
Starch, Solution 1 bottle
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HEAVIEST
SHOES

DATA ON SHOES
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AVERAGE AMOUNT OF TEMPERATURE CHANGE .

CALORIES = tempaxature change
. amount of water
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